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SEDÏMENTOLOGY, STRATIGRAPHY AND 
DIAGENETIC HISTORY OF THE TAGLU 
MEMBER AND EQUIVALENTS, MACKENZIE 
DELTA AREA, CANADA
ABSTRACT
The Taglu is introduced as a new member of the Reindeer Formation. I ts  
type section is in the Taglu G-33 well and i ts  age is Eocene. This member 
conformably overl ies the Aklak Member and underlies the "Un-named shale" 
or the "Kugmallit" member. The thickness of the Taglu varies from well to 
well but in the type section i t  is 800 f t .  (268 m).
Correlation of the Taglu Member is d i f f i c u l t  due to facies changes, s imi l ­
a r i t y  in composition of successive facies,  faul t ing,  and the absence of  
marker beds or diagnostic fauna. Correlat ion,  however, was accomplished 
through seismic interpretat ion,  sedimentary megacycles, trace elements, 
biology, gamma-ray logs and logic.
The Taglu Member was deposited under cool but occasionally warm temperate 
climatic conditions and is composed of  two main del taic sequences, each 
represented by a regressive phase overlain by a transgressive phase. Each 
sequence includes environments such as prodelta,  delta front ,  distr ibutary  
mouth bars, marshes and swamps, and f i n a l l y  distr ibutary channels on top.
The depositional basin during accumulation was undergoing moderate subsidence 
and receiving a high inf lux of sediments. Both the Richardson Mountains 
and the Eskimo Lakes Arch supplied, at  least in part ,  t he  Taglu sediments. 
Occasional presence of volcanic rock fragments may indicate a thi rd source, 
possibly well to the south.
Based on i t s  composition, the Taglu sandstone can be classi f ied as quartz 
arenite and subl i tharenite.  I t  consists of quartz,  chert,  feldspar, mica, 
rock fragments, woody herbaceous matter, and cementing material .  The cement­
ing material includes non-ferroan ca lc i te ,  ferroan and non-ferroan dolomite,  
si der i te ,  s i l i ca  and authigenic clay minerals. The cement, which is mainly 
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The area  o f  r e se ar ch  is bounded by l a t i t u d e s  6 8 ° 40'  N and ÎI69° 40'  N, and l o n g i t u d e s  134° 00 '  W and 136° 23'  W. I t  is  
l o c a t e d  w i t h i n  the p r e s e n t  Mackenzie D e l t a  which is s i t u a t e d  on 
the A r c t i c  Coastal  P l a i n s  o f  the B e a u f o r t  Sea in Nor thern Canada |I( F i g .  1 ) .  The t o p o gr a p hi c  r e l i e f  in the r esear ch  area ranges |
from Sea Level  to 825 f t .  (250 m) reached in a spot  in the  
Car ibou H i l l s  nor t hwe st  o f  I n u v i k  ( F i g .  2 ) .
The p r es en t  day Mackenzie  D e l t a ,  which has a s i m i l a r  s t r u c ­
t u r a l  s e t t i n g  as the Taglu D e l t a ,  can be c l a s s i f i e d  as a t i d a l  
d e l t a  being formed in  a cold t emperate  c l i m a t e .  I t s  upper d e l t a  
p l a i n  c o n s i s t s  o f  many r e j o i n i n g  channels t h a t  have an i r r e g u l a r  
f low due to f r e e z i n g  in w i n t e r  which p e r i o d i c a l l y  blocks the f low  
of  w a t e r  near  I n u v i k .  Al though t i d e  a c t i o n  i s  l o w , i t  is a m p l i f i e d  
by the s t r u c t u r a l  s e t t i n g  o f  the d e l t a .  Moreover ,  ice  sheets may
o s c i l l a t e  in e a r l y  w i n t e r  and produce s w e l l s  s i m i l a r  to those of  
the t i d e  a c t i o n .
The Mackenzie D e l t a  is  bounded by the northward plunging  
Richardson Mountains on the west  and the o l d Eskimo Lakes Arch 
Complex on the e a s t  and south ( F i g .  2 ) .  This s t r u c t u r a l  
s e t t i n g  o f  the D e l t a  has remained in i t s  p r e se nt  l o c a t i o n  s ince ,j
e a r l y  T e r t i a r y  t i m e .  j
3The Mackenzie D e l t a  has been the s i t e  o f  e x t e n s i v e  hydrocarbon *
e x p l o r a t i o n  s ince  J u l y  9 ,  1965,  when the Reindeer  D-27 borehole |
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was spudded on Richards I s l a n d  ( F i g .  5 ) .  The borehole  r a i s e d
e x p l o r a t o r y  i n t e r e s t  because i t  proved the e x is t e n c e  of  a t h i c k
s ec t i o n  of  T e r t i a r y  d e l t a i c  and nearshore sediments o v e r l y i n g  a
Cretaceous marine sequence (Chamney, 1 9 6 9 ) ,  a l though no hydro-  H
carbons were found in the b or eho le .  June,  1971,  saw the d i scover y
of  the Taglu Gas f i e l d .  The d i scover y  b or eho le ,  Taglu G-33 ( F i g .
5 ) ,  f lowed gas a t  a r a t e  of  28 mmcf/d from an Eocene sandstone
i n t e r v a l  a t  a depth of  8164 f t .  to 8178 f t .  (2488 m to 2492 m)
near the top of  the Taglu Member (new name) of  the Reindeer
Format ion.  P r e s e n t l y ,  the area o f  the Mackenzie D e l t a  is e st imat ed
in placeto have r e s e r v e s / o f  some 9 b i l l i o n  b a r r e l s  of  o i l  and 52 t r i l l i o n  
cubic f e e t  of  gas (Bruce and P a r k e r ,  1975) .
In l a t e  M a a s t r i c h t i a n  t ime the North American e p i c o n t i n e n t a l  
sea-way,  which connected the A r c t i c  Ocean wi th  the G u l f  o f  Mexico,  
shoaled and i t s  waters receded to the north and south .  The newly 
formed nor t her n embayment was a s i t e  of  sedimentary  d ep o s i t i o n  
and is  now r e f e r r e d  t o ,  in  p a r t ,  as the Mackenzie Basin which 
occupies the southern p a r t  o f  the B ea uf or t  Sea o f  the A r c t i c  Ocean.  
Severa l  T e r t i a r y  d e l t a s  were formed in space and t ime a t  the |
southern h a l f  o f  the Mackenzie Basin (Chamney, 1972; Shawa, e t . 
a l . ,  1974;  Lerand,  1975 ; Young, 1975; and Young ejt. ^ .  , 1 9 7 6 ) .
Some of  these d e l t a s  coalesced to form cont inuous bodies of  sand 1
cover ing a l a r g e  area of  the wide c o n t i n e n t a l  s h e l f  of  the B ea uf or t  
Sea .
There is a lack of  publ i shed s ed i ment ol og ic  s t ud i es  on the  
Mackenzie D e l t a .  Only a few suggest ions have been made so f a r  
concerning a d e t a i l e d  d e p o s i t i o n a l  h i s t o r y  of  the Eocene Taglu  
Member. The lack  o f  d e t a i l e d  work on such an i mp o r t a nt  area in  
general  and of  an i mpo r t ant  hor i zon  in p a r t i c u l a r  made me decide
5to study the Taglu Member in d e t a i l .  Thus the purpose o f  t h i s  
r esear ch  is to i n t e r p r e t  the d e p o s i t i o n a l  systems w i t h i n  the  
Taglu Member and i t s  e q u i v a l e n t s ,  and to r e c o n s t r u c t  the d i a g e n e t i c  
h i s t o r y  o f  the p r o l i f i c  h y d r o c a r b o n - b e a r i n g  sandstone l i t h o f a c i e s .
C o r r e l a t i o n  o f  the T e r t i a r y  l i t h o l o g i e  u n i t s  in the Mackenzie  
Basin is  d i f f i c u l t .  Most prev ious  a t t empt s  are based on m i c r o ­
p a l e o n t o l o g y  i n c l u d i n g  p a l yno log y  w i t h  p a r t i c u l a r l y  the l a t t e r  
y i e l d i n g  good r e s u l t s .  However,  c o r r e l a t i o n s  based on ly  on 
m i c r o p a l e o n t o l o g y  or pa l yno log y  are s t i l l  c o n t r o v e r s i a l  due to 
the f a c t  t h a t  a l a r g e  number o f  forams,  p o l le n s  and spores were 
reworked,  in some cases more than one t i m e .  In t h i s  research  
p r o j e c t  c o r r e l a t i o n  is  based on combinat ions o f  g r a i n  s i z e ,  
s ediment ary  c y c l e s ,  p a l y n o l o g y ,  gamma-ray l o g s ,  t r a c e  elements  
and se i smi c  r e f l e c t i o n  p r o f i l e s .
Methodology
The main sources o f  data  are c or e s ,  both c on ve n t i o na l  and 
s i d e w a l l ,  and d r i 1 1 - c u t t i n g s  from twenty  nine w e l l s  d r i l l e d  in 
the r esear ch  a r e a .  The data are  supplemented by s e v e r a l  seismic  
r e f l e c t i o n  p r o f i l e s .  U n f o r t u n a t e l y ,  not  a l l  cores are useful  
f o r  two reasons:  one, because the cores were cut  a t  random depths  
and do not  always i n c l u d e  the Taglu Member, and two,  because some 
c or es ,  e s p e c i a l l y  s i d e w a l l ,  were used up f o r  m i c r o p a l e o n t o l o g i c a l  
a n a l y s i s  by the o p e r a t o r s .  T h e r e f o r e ,  i t  was necessary  to r e l y  
also on data  d e r i v e d  from d r i l l  c u t t i n g s  a v a i l a b l e  f o r  every w e l l  
a t  10 - f o o t  { 3 . 3  -  me te r )  i n t e r v a l s .  Spe c ia l  care  was paid to  
o b t a i n i n g  r e p r e s e n t a t i v e  samples in or de r  to e l i m i n a t e  c u t t i n g s  
contaminated by r e c y c l i n g  from s h a l l o w e r  h o r i z o n s .
A t o t a l  o f  one hundred t h i n  s e c t i o n s  were prepared from
c o n v e n t i o n a l  c o r e s ,  s i d e w a l l  cores and d r i l l  c u t t i n g s  c o l l e c t e d  
f rom sandstone of  the Taglu Member and i t s  e q u i v a l e n t  h o r i z o n s .
The t h i n  s e c t i o n s  were prepared using the d r y - g r i n d i n g  t echnique  
to p r e v e n t  loss o f  a u t h i g e n i c  c l a y  m i n e r a l s .  Also 152 composi te  
d r i l l - c u t t i n g  samples,  each r e p r e s e n t i n g  a 100 - f o o t  (33 -  m e te r )  
i n t e r v a l ,  were c o l l e c t e d  f o r  X - r a y  f l u o r e s c e n c e  and atomic a bsor p­
t i o n  t e s t s  f o r  the i d e n t i f i c a t i o n  of  nine t r a c e  e le men ts .  Data  
o b ta i n e d  from t h i n  s e c t i o n s  s u p p l i e d  i n f o r m a t i o n  on the t e x t u r e ,  
composi t ion and d i a g e n e t i c  h i s t o r y  of  the Taglu Member l i t h o f a c i e s  
Data o b t a i n e d  from t r a c e  elements were used to check c o r r e l a t i o n s  
and to de ter mi ne  p a l e o s a l i n i t y . Spe c ia l  emphasis was placed on 
d e t a i l e d  d e s c r i p t i o n s  of  s ed iment ary  s t r u c t u r e s  and t h e i r  s u i t e s  
as observed in  c o n v e nt i o n a l  c or es .  L i t h o l o g i e  d e s c r i p t i o n s  were  
made o f  c on v e n t i o n a l  c or e s ,  s i d e w a l l  cores and d r i l l  c u t t i n g s ,  and 
the r e s u l t s  were p l o t t e d  on s p e c i a l  forms.  Sidewall and conven­
tional cores constitute a low percent of the total examined 
samples. The thin sections that were prepared from these cores 
amounted to 38$ . Appendix B lists the samples from which thin 
sections were prepared and Figure 5 shows the distribution of 
the control wells.
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CHAPTER I I  
MEGATECTONICS
S t r u c t u r a l  H i s t o r y
Three major  s t r u c t u r a l  e lements have d e f i n e d  the t e c t o n i c  
f ramework o f  Nor thern Canada s i nc e  Precambrian t ime ( M a r t i n ,  1 9 6 1 ) .  
These a r e :  the North American C o n t i n e n t a l  Craton (Canadian S h i e l d ) ,
the C o r d i l l e r a n  Geosyncl ine which is  l o c a t e d  west  o f  the Craton  
and the F r a n k l i n i a n  Geosyncl ine  ( F i g .  3 ) .  The Mackenzie B as i n ,  a 
t e c t o n i c  d ep r e s s i o n ,  is s i t u a t e d  in the southwestern f l a n k  o f  the  
F r a n k l i n i a n  Geosyncl ine a t  the j u n c t i o n  o f  the Craton and the  
C o r d i l l e r a n  Geosync l i ne .
An unusual c o n t i n e n t a l  d r i f t  hypot hes i s  has been suggested  
by T a i l l e u r  and Brosge ( 1 9 7 0 ) .  They propose t h a t  r i f t i n g  in the  
A r c t i c  began in  E a r l y  J u r a s s i c  a t  the t ime o f  the emplacement o f  
ma f i c  and u l t r a m a f i c  p lu t ons  in n o r t he r n  A l as ka .  They a lso  suggested  
t h a t  r i f t i n g  was f o l l o w e d  by a major  orogeny and s c i s s o r - l i k e  
r o t a t i o n a l  d r i f t  in E a r l y  Cretaceous w i t h  a p i v o t  p o i n t  somewhere 
in the v i c i n i t y  of  Amundsen G u l f  e a s t  o f  L i v er po o l  Bay as shown 
in F i gur e  3.
On the o t h e r  hand,  N o r r i s  ( 1 972 )  i n d i c a t e d  t h a t  the Kal tag  
F a u l t  o f  West C en t ra l  A l a s k a ,  which has a r i g h t  l a t e r a l  movement,  
and which has been a c t i v e  s ince  Cretaceous t ime ( P a t to n  and Hoar ,  
1 9 6 8 ) ,  may extend no r t he a st wa r d  i n t o  Canada along the south f l a n k  
of  the Brooks Range, merge w i t h  the Yukon F a u l t  zone ( F i g .  2)  
and u l t i m a t e l y  j o i n  the Nansen F r a c t u r e  Zone (see a ph ys ic a l  map 
of  the A r c t i c )  f l a n k i n g  the western  l i m i t  o f  the A r c t i c  I s l a n d s .
This major  f a u l t  may be the l i m i t  o f  the a n c e s t r a l  North American
8 .
BEAUFORT 
(A R C T IC  O C E A N )
F i g u r e  3 -  T e c t o n i c  framework of  Nor thern Canada 
( a f t e r  M a r t i n ,  1 9 6 1 ) .  S ta r  shows 
a ppr ox imate  p i v o t  p o i n t  o f  r o t a t i o n a l  
d r i f t .
9.
c o n t i n e n t a l  p l a t e ;  i f  t h i s  is so then p a r t  o f  A laska  and o f  
Yukon T e r r i t o r y  nor thwest  o f  the f a u l t  is  a p a r t  o f  the Eur as ia n  
p l a t e .  The f a c t  t h a t  the g e o l o g i c a l  t rends of  Alaska  match those  
o f  the n o r t h e r n  p a r t  o f  the U . S . S . R .  f o r  both the Cenozoic and 
P a l e o z o i c  eras lends suppor t  to t h i s  hypothesi s  ( N o r r i s ,  1 9 7 2 ) .
Henr i  R aa sv e l dt  ( pe r sona l  communicat ion,  1976)  connects the  
Nansen F r a c t u r e  Zone wi th  the Donna R i v e r  F a u l t  Zone which f o l l o w s  
the o l d .  P a l e o z o i c  and p o s s i b l y  P r e p a l e o z o i c  boundary between the  
Canadian S h i e l d  and the Yukon - Alaskan p l a t e  encased between the  
A r c t i c  and P a c i f i c  oceans.  This  boundary was a zone of  c r u s t a l  
weakness:  a deep narrow bas in  f i l l e d  w i t h  g r a p t o l i t i c ,  c a l c ar eo u s
or c h e r t y  shales  s e p a r a t i n g  the carbonates o f  the Mackenzie P l a t ­
form (nose o f  the Canadian S h i e l d )  from those o f  the Yukon P l a t ­
form.  This  zone of  weakness was upfo lded ( Mackenz ie  Mounta i ns ,  
Nor t hwest  T e r r i t o r i e s )  and f a u l t e d  (Nansen F r a c t u r e  - Donna R i v e r  
F a u l t  Zone) in  l a t e  Mesozoic to mid T e r t i a r y  t i m e s .
The f i r s t  two hypotheses do not  a f f e c t  the resear ch  area  
s i nc e  no u p l i f t  or  subsidence are  suggested.  The t h i r d  h y p o t h e s i s ,  
however ,  might  have an a p p r e c i a b l e  i n f l u e n c e  on the  i n t e r p r e t a t i o n  
o f  s e d i m e n t a t i o n  o f  the Taglu Member.
Regional  S t r u c t u r a l  Framework
Eocene de for ma t i on  du r i ng  the Laramide Orogeny r e s u l t e d  in  
f o l d i n g  and u p l i f t  o f  the Richardson Mountains south of  the  
r e se ar ch  a r e a .  The t e c t o n i c  e lements  of  the Mackenzie D e l t a  
c o n t r o l l e d  the s e d im e n t a t i o n  du r i ng  Eocene t im e.  Almost  a l l  o f  
the t e c t o n i c  elements t h a t  were p r e s e n t  dur ing T e r t i a r y  t ime  
p e r s i s t  in  the r eg ion  t oda y .  These elements are the Eskimo Lakes
-  '
10.
iArch Complex to the e a s t  and s ou t h e a s t  of  the Mackenzie D e l t a ,  
the Richardson Mountains u p l i f t  to the south ,  and the Brooks Range 
(Romanzof f  u p l i f t )  to the west  ( F i g ,  2 ) .  The Eskimo Lakes Arch 
i s  a narrow s t r u c t u r e  w i t h  a Cretaceous core t r e n d i n g  NE-SW. I t  
i s  a t e c t o n i c  component o f  the A k l a v i k  Arch Complex which comprises  
the Dave Lord Arch,  Rat U p l i f t ,  Cache Creek U p l i f t ,  Campbell  
U p l i f t ;  a l l  t r e n d i n g  in a r oug hl y  n o r t h e a s t e r l y  d i r e c t i o n  and 
t e r m i n a t i n g  in the Eskimo Lakes Arch which is the only e lement  I
o f  t h i s  complex p r es en t  in the r esearch a r ea .  |
The Eskimo Lakes Arch is  f l a n k e d  by the Anderson Homocline 4
and Basin to the e ast  and by the  Eskimo Lakes Arch and Donna 
R i v e r  F a u l t  Zones to the west .  Ass o c i a t e d  w i t h  i t  is  the Car ibou ^
H igh ,  j u s t  e a s t  o f  Car ibou H i l l s  ( F i g .  2 ) ,  which is  e a r l y  Laramide
(Young je_t. a / [ . , 1 976)  and is  topped by T e r t i a r y  sediments o f  the
Re i nde er  Fo rmat ion .  The a x i s  o f  the Arch plunges nor theastwards  
under the Tukt oya kt uk  p e n i n s u l a  as i n d i c a t e d  by s t r a t a  observed  
on s e i sm i c  p r o f i l e s .  North and west  o f  the Eskimo Lakes F a u l t  
Zone the se di me nt ary  s e c t i o n  t h i c k e n s  r a p i d l y  towards and under  
the B e a u f o r t  Sea.  G r a v i t y  maps show two major  n e g a t i v e  a no ma l i es ,  
i n d i c a t i n g  a g r e a t  t h i ck ne s s  o f  sed i me nt s ,  one under the K u g m a l l i t  
Bay and the o t h e r  under the Mackenzie  Bay ( F i g .  4 ) .  The two 
anomal ies are  s e p a ra t e d  by a p o s i t i v e  anomaly.
In the r esear ch  area the s t r u c t u r e  o f  the Mackenzie De l t a  i sjsoiae roll-over,
c h a r a c t e r i z e d  by a s e r i e s  o f  f o l d s / a n d  f a u l t s  t r e n d i n g  nor thwest  - 
s ou t h e a s t  s u b p a r a l l e l  to  the s t r u c t u r a l  elements o f  nor t her n Alaska  S
and n e a r l y  p e r p e n d i c u l a r  to the Donna R i ve r  F a u l t  zone ( F i g .  5 ) .  |
In some cases the f o l d s  are bounded on one or both sides by smal l  
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s eismi c  maps prepared by some o i l  companies.  Other  types of  
s t r u c t u r e s  observed on sers.mtc r ec or ds  are  mud d i a p t r s  pr es en t  
in  the Mackenzie  Basin where the T e r t i a r y  s e c t i o n  Becomes t h i c k e r .
A l l  l o c a l  f a u l t s  in  the Mackenzie area as we l l  as those o f  
the Eskimo Lakes F a u l t  Zone are  normal .  At  the  s ur fa ce  and in  
the Mackenzie  Mounta ins ,  south of  F i gu r e  5,  the  Donna R i ve r  f a u l t  
zone is  r egarded by o i l  company g e o l o g i s t s  as a s t r i k e - s l i p  f a u l t  
w i t h  c o n s i d e r a b l e  v e r t i c a l  downthrown of  the  west  f l a n k  ( D.K*  
N o r r i s ,  1975,  G . S.C .  Open F i l e  3 0 2 ) .  F u r t h e r  northward in the  
subs ur fa ce  underneath t he  a l l u v i u m  of  the Mackenzie  R i v e r ,  in the  
v i c i n i t y  o f  K u g m a l l i t  Bay ( F i g .  4 ) ,  c o n f i d e n t i a l  seismic s e c t i o n s  
r e v e a l  a r e v e r s a l  of  the v e r t i c a l  movement but  s t i l l  f u r t h e r  
n o r t h w ar d ,  no r t h  of  T ukt oya kt uk  p en i ns u l a  ( F i g .  1 ) ,  no v e r t i c a l  
movement is  i n d i c a t e d  by se i smi c  p r o f i l e s  f o r  the  T e r t i a r y  s e c t i o n
The Yukon f a u l t  zone d iscussed Bef ore  has T i t t l e  bear ing  
on t h i s  r e se a rc h  area as i t  e n t e r s  the  area  in the extreme n o r t h ­
w e s t e r l y  c o r n e r .  I t  i s  b e l i e v e d  t h a t  the Yukon F a u l t  Zone was 
i n a c t i v e  dur i ng T e r t i a r y  t i m e .  I t s  presence underneath the  
B e a u f o r t  Sea is  s p e c u l a t i v e .
Dur ing Mesozoic t ime some o f  the above ment ioned t e c t o n i c  
elements such as the  Eskimo Lakes Arch and the Richardson  
Mountains serves as source a r e a s ,  c o n t r i b u t e d  to the s ed iment a­
t i o n  and c o n t r o l l e d  i t s  d i s t r i b u t i o n  in the B e a u f o r t  Sea. Young 
e t . a l . (1 976 )  subd i v i de d the Mesozoic sequence i n t o  t h r e e  main 
t e c t o n o - s e d i m e n t a r y  phases.  They i n c l u d e  a Late  T r i a s s i c  to e a r l y  
A pt i a n  e p i c o n t i n e n t a l  sequence,  the  Late  A p t ia n  to E a r l y  Campanian 
f l y s c h o i d  sequence,  and the  La t e  Campanian to Paleogene m o la s s i c  
sequence.  Each, a ccord ing  to Young e t .  ^ . ,  is  c h a r a c t e r i z e d  by
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i t s  f a c i e s  a s s o c i a t i o n ,  t h i c k n e s s  v a r i a b i l i t y  and sandstone p e t r o ­
graphy.  The Taglu Member d i r e c t l y  o v e r l i e s  the Young ejt. al  . 
sequences.
In Late  Laramide t ime the Eskimo Lakes F a u l t  zone was a c t i ­
va t ed  or p o s s i b l y  r e j u v e n a t e d  as i n d i c a t e d  by Cote e jt. ( 1975)
and a c l o s e l y  spaced s t e p - l i k e  t e r r a c e ,  downfaul ted  toward the n o r t h ­
west ,  formed the s o u t h e a s t e r n  f l a n k  o f  a basin u n d e r l y i n g  the western  
p a r t  o f  T u kt oy ak tuk  P e n i n su l a  and r e f e r r e d  to as K u g m a l l i t  Trough 
by Young e jt. ( 1 9 7 6 ) .  These f a u l t e d  t e r r a c e s  can be d e t e c t e d
c l e a r l y  on s e i smi c  p r o f i l e s .  The bas in or  K u g m a l l i t  Trough e x i s t e d  
du r i ng  T e r t i a r y  t ime as i n d i c a t e d  by boreholes and suppor ted by 
s eismi c  e v id e n c e .  Dur ing Lower Cretaceous t ime t h i s  basin was not  
developed or  i t  may have been l o c a t e d  f u r t h e r  n o r t h w e s t .  This  is  
suppor ted by the f a c t  t h a t  boreholes  d r i l l e d  j u s t  west  o f  the above 
ment ioned do wnf au l te d t e r r a c e  had p e n e t r a t e d  to the Parson Sand­
s t o n e ,  Lower C re t ac eo u s ,  which was d epo s i t ed  in f l u v i a l  and n e a r ­
shore e nv i r onment s .
Regional  Geologic  S e t t i n g
During the P a l e o z o i c  and the Mesozoic the Mackenzie Basin  
formed p a r t  o f  or  was a d j a c e n t  to the North American C o r d i l l e r a n  
ge os y n c l i n e  which extended along the p re s e n t - d a y  Rocky Mountain  
southward i n t o  the U n i t e d  S t a t e s  o f  America ( Le r a n d ,  1 9 75 ) .  The 
bulk  o f  J u r a s s i c  and Lower Cretaceous sed iment s ,  most l i k e l y ,  
came from t he  p r e v i o u s l y  ment ioned components o f  the A k l a v i k  Arch 
Complex. In Late Cretaceous t ime the Brooks Range was an i m p o r t a n t  
source o f  sediments ( L e r a n d ,  1975)  ( F i g .  2 ) .  At  t h a t  t ime the  
Mackenzie D e l t a  area was submerged under marine w a te r  except  f o r
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the Eskimo Lakes Arch Complex. D ep os i t ion  of  the marine shale  
o f  the Upper Cretaceous Fish R i ve r  Group was e x t e n s i v e  as i n d i ­
cated by i t s  occurence in  most of  the boreholes examined in the  
area as suggested by s e i s m i c  i n t e r p r e t a t i o n .
In T e r t i a r y  t ime a l a r g e  embayment, a remnant of  the Late
Cretaceous waterway t h a t  connected the Beaufor t  Sea wi th  the Gu l f
of  Mexico,  formed the nor thwester n c o n t i n u a t i o n  o f  what probably  bas I n t e r p r e t e d  as
been/bland locked wat er  body near Norman Wel ls in which E a r l y  
T e r t i a r y  sediments were deposi ted ( R a a s v e l d t ,  personal  communi­
c a t i o n ,  1977) .  As the e n t i r e  area was u p l i f t e d  dur ing the Laramide  
Orogeny t h i s  land locked basin became eroded and e a r l y  T e r t i a r y  
sediments were r e de pos i t e d  p r o g r e s s i v e l y  f u r t h e r  n o r t h .  The 
r e g io n a l  u p l i f t  o f  the Richardson Mountains,  Eskimo Lakes Arch 
Complex and the area near Norman Wel ls announced the beginning of  
a major  r e g r e s s i v e  phase t h a t  s t a r t e d  in Paleocene t i me .  The 
Taglu Member was deposi ted  dur ing the l a t t e r  p a r t  o f  t h i s  major  
r e g r e s s i v e  phase.  The Taglu area subsided in Eocene and a t r a n s ­
gr ess i  ve phase f o l l ow ed  d e p o s i t i n g  an e x te n s i v e  shale  u n i t  over  the  
e n t i r e  area of  the Mackenzie D e l t a .  The shale  u n i t  is r e f e r r e d  
to by some workers as the "Unnamed s h a l e " .  Another  r e g r e s s i v e  
sequence f o l l o w e d ,  p o s s i b l y  around Miocene t ime to d epo si t  a 
sandstone and conglomerate sequence t h i c k e r  than the f i r s t  one 
and present  mainly  in the o f f s h o r e  area of  the B ea u fo r t  Sea 
( Ler and,  personal  communicat ion,  1976) .
Young ejk. (1976)  recognized t hr ee  c l a s t i c  wedges in the
D e l t a  a r ea .  The o l d e s t  comprises most o f  the Cretaceous Fish 
River  Group (Tent  I s l a n d  and Moose Channel f o r m a t i o n s ) ,  on top 
o f  i t  is  the M i n i s t i c o o g  Member o f  the Moose Channel Format ion,
1 6 .
and the Re i nde er  Fo rma t i on .  The t b t r d  wedge, tbe youngest ,  
c o n s i s t s  of  the. -unnamed shale"'  and the o v e r l y t n g  Unnamed 
Paleogene f 1 u v i o d e l t a i c  u n i t .  These c l a s t î c  wedges w t H  he 
discussed in  more d e t a i l  in  Chapter  t h r e e .
17.
CHAPTER I I I  
STRATIGRAPHY
The s t r a t i g r a p h y  o f  the subsur face  o f  the Mackenzie D e l t a  
i s  based on the outcrops in two d i s t i n c t  areas on e i t h e r  s ide  
o f  the Mackenzie R i v e r  and i t s  d i s t r i b u t a r i e s .  The main s t r a t i ­
g r a p h i e  u n i t s  outcrop on the n o r t he r n  s ide  o f  the Richardson  
Mountains along the Big Fish R i v e r  ( c a l l e d  Fish R i v e r  on old  
maps) and the L i t t l e  Fish R i v e r  ( c a l l e d  Cache Creek on o l d e r  
maps) s i t u a t e d  o u t s i d e  the southwestern corner  o f  the research  
a r e a .  Complementary outcrops are found a t  the s o u t h ea s t er n  
margin o f  the r esear ch  area  along the Car ibou H i l l s  ( F i g .  5 ) .
The T e r t i a r y  o v e r l i e s  d i sc on for ma bl y  Upper Cretaceous s t r a t a  
in the  Mackenzie D e l t a  south o f  the resear ch  a r e a .  This can 
be d e r i v e d  from s u r f a c e  geology and from se ismi c p r o f i l e s  o f  the  
s u b s u r f a c e .  An e x c e p t i o n  to t h i s  d i sc on for ma bl e  r e l a t i o n s h i p  
i s  where l o c a l  u n c o n f o r m i t i e s  e x i s t  on top o f  d e p o s i t i o n a l  highs  
of  p r e - T e r t i a r y  age.  Such u n c o n f o r m i t i e s  can be i n t e r p r e t e d  
from s e i smi c  p r o f i l e s .  Upper C r e t ac eo us ,  in t u r n  o v e r l i e s  Lower 
Cretaceous unco;tiformably and an a n g u l a r  un confor mi ty  i s  p r esent  
in s e v e r a l  outcrops in the Richardson Mount ai ns ,  Campbell  U p l i f t  
( F i g .  2 ) ,  and l o c a l l y  in  the s u b su r f a ce .
The Upper Cretaceous in the Mackenzie D e l t a  area c ons is ts  
o f  the Boundary Creek Format ion and the Fish R i v e r  Group. The 
Boundary Creek Format ion is  Campanian and p o s s i b l y  Cenommiio-Ti 
(Young,  19 75 ) .  In p laces  the Fish R i v e r  Group,  named by Young 
( 1 9 7 5 ) ,  o v e r l i e s  d i s c o n f o r m a b l y  the Boundary Creek Format ion ,  
and' i t  is  Campanian and M a a s t r i c h t i a n . O v e r l y i n g  the Fish R i v er  
Group, conformably and unconformably in some l o c a l i t i e s ,  is  the
1 8 .
Rei ndeer  Format ion which is  Paleocene and Eocene ( Mount joy ,
1967;  Young aJL, ,1976; and Le rand,  1975)  and p o s s i b l y  younger .
Fish R i v e r  Group
The Fish R i v e r  Group d e r i v e s  i t s  name from the Big Fish 
R i v e r  where i t  is  almost  c o m p l e t e l y  exposed along i t s  banks.
In i t s  t y pe  s e c t i o n  the group c o n s i s t s  o f  a p p r o x i m a t e l y  6000 f t .  
(1830 m) o f  s h a l e ,  sandstone,  and cong lomerat e .  I t  i s  d i v i d e d  
i n t o  two f o r m a t i o n s ;  the Te nt  I s l a n d  and the  Moose Channel  
( F i g .  6 ) .
Tent  I s l a n d  F o r m a t i o n : The Te nt  I s l a n d  Format ion comprises the
lower  p a r t  o f  the Fish R i v e r  Group. I t  was r e f e r r e d  to p r e v i o u s l y  
as the "Upper Cretaceous unnamed sha le  u n i t " , " U n i t s  1 and 2 " ,  
and "Upper Cretaceous sha le  d i v i s i o n "  by many w or ke rs .  The 
f o r m a t i o n  was f o r m a l l y  named by Young ( 19 75 )  who assigned a type  
s e c t i o n  f o r  i t  along the n o r t h w es t  bank o f  the Big Fish R iv e r  
near  i t s  j u n c t i o n  wi t h  the L i t t l e  Fish R i v e r  southwest  o f  the  
research a r e a .  The Tent  I s l a n d  Format ion o v e r l i e s  the Boundary 
Creek Format ion unconformably in the Richardson Mountains and 
conformably  in the s u b s u r f a c e .  The l a t t e r  r e l a t i o n s h i p  is  i n t e r ­
pr e t ed  from s e i smi c  p r o f i l e s .  The f o r m a t i o n  i s  o v e r l a i n  uncon-  
formably  by the Moose Channel Forma t i on ,  and i t  is  M a a s t r i c h t i a n  
in age.
The Tent  I s l a n d  Format ion was s ub di v i de d by Young (1975)  
i n t o  two members, the lower  he f o r m a l l y  c a l l e d  Cuesta Creek and 
the upper he i n f o r m a l l y  r e f e r r e d  to as the "Mudstone member".
Cuesta Creek Member: Th is  member, a p p a r e n t l y  has l i m i t e d
l a t e r a l  e x t e n t  and i t  cannot  be reco gn i ze d in the subs ur fa ce .
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F i g u r e  6 -  C o r r e l a t i o n  t a b l e  o f  Upper Cretaceous and 
T e r t i a r y  f o r m a t i o n s ,  Mackenzie D e l t a  a r e a .
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Creek Format ion and i t s  upper c o n t a c t  v a r i e s  from d i s t i n c t  
to g r a d a t i  o n a l .
The Cuesta Creek Member c o n s i s t s  of  dark g r a y ,  c h e r t y  
sandst one ,  conglomerate t h a t  i s  e i t h e r  f r i a b l e  or  c o n s o l i d a t e d ;  
dark gray s h a l e ,  and some t h i n  coal  seams. The c h e r t y  sandstone  
weathers  r e dd i sh  and orange .  The sha le  is  carbonaceous,  l imy  
and c o n c r e t i o n a r y  in p l a c e s .
Mudstone member: I t s  t h i c k n e s s  v a r i es  from about  2800 f t .
(853 m) (Young,  1975)  a t  the type  s e c t i o n  along Big Fish R i v e r  
to n e a r l y  3700 f t .  (1128 m) in the Reindeer  D-27 borehole  (Cham-  
ney,  1972)  which spudded i n  T e r t i a r y .  In t h i s  boreho le  the Cuesta  
Member is  absent  (Young, 1 9 7 5 ) .  The lower  c o n t a c t  can be sharp  
or g r a d a t i o n a l  and t h e r e f o r e  i t  can not  be determi ned p r e c i s e l y  
in a l l  l o c a l i t i e s .  In i t s  lower  p a r t  and near the base,  the  
Mudstone Member o f  the type  s e c t i o n  conta ins sandstones,  s i l t -  
stones and pebbly mudstone i n t e r v a l s .  The pebbly mudstones are  
graded and i n t e r be d d ed  w i t h  l a m i n a t e d  mudstone h o r i z o n s .  The 
upper p a r t  o f  the member which a p pr o x i m a t e l y  c o n s t i t u t e s  the  
upper h a l f ,  c o n s i s t s  o f  l i g h t  gray sha le  and mudstone.
In the Rei ndeer  D-27 ( F i g .  5)  borehole  the Mudstone member 
comprises the e n t i r e  Tent  I s l a n d  Format ion a ccord ing  to Young 
( 1 9 7 5 ) .  Here the Mudstone member cons is ts  o f  gray and brown 
gray s h a l e ,  brown gray t h i n  beds o f  f i n e - g r a i n e d  d o l o m i t i c ,  
sandstone and s i l t s t o n e  in c y c l i c  i n t e r v a l s .  Occasional  t h i n  
beds o f  conglomerate  are a ls o  p r e s e n t .
Moose Channel F o r m a t i o n : The name Moose Channel Format ion was
given by Mount joy (1967)  to a sequence of  about 1200 f t .  (365 m) 
o f  n o n - m a r i n e ,  l o o s e l y  c o n s o l i d a t e d  sandstones exposed along the  
coast  o f  the Mackenzie Bay and r e s t r i c t e d  to a b e l t  about 10 m i l es
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(16 km) wide on both s ides  o f  the  mouth of  F ish R i v er  southwest  
o f  the  r e se a r c h  a r e a .  Wi th out  d e t a i l e d  measurement or  d e s c r i p ­
t i o n  Mount joy des i gn ate d the  exposures near  the mouth of  Fish  
R i v e r  as the type s e c t i o n  o f  t he  Moose Channel Format ion .  Young 
( 19 75 )  measured the Moose Channel Format ion a t  i t s  type s e c t i o n  
and r e p o r t e d  a t h i ck ne s s  of  a p p r o x i m a t e l y  3000 f t .  (915 m).  He 
a l s o  found t h a t  the f o r m a t i o n  crops out  a t  l o c a t i o n s  o t he r  than  
p r e v i o u s l y  t ho u gh t .  Mount joy *s  d e f i n i t i o n  of  the Moose Channel  
Format ion inc l ude d in  i t s  upper p a r t  beds o f  sandstones,  s i l t -  
s t on e ,  and s h a l e ,  r i c h  in coal  beds exposed along the banks o f  
Akl ak  Creek southwest  o f  the r es ea r ch  a r e a .  Young ( 1975)  took  
t h i s  sequence out  of  the Moose Channel Forma t i on ,  placed i t  in  
the  o v e r l y i n g  coal  b ea r in g  Rei ndeer  Fo rmat ion ,  thus speaking of  
t he  Aklak  Member of  the Re i nde er  Fo rmat ion .
Young ( 1975)  s ub di v i de d the Moose Channel Format ion i n t o  
two members, the i n f or m a l  "Basal  sandstone"  member and the o v e r -  
l y i n g  M i n i s t i c o o g  member which both are  o f  M a a s t r i c h t i a n  age.
"Basal  sandstone" member: This  member c o n s i s t s  main ly  o f
w e l l  c o n s o l i d a t e d ,  medium-gra ined sandst one ,  t h a t  c ont a ins  
pebbly h o r i z o n s ,  which forms r e s i s t a n t  r i d g e s  and is  cut  by 
s t e e p - w a l l e d  gorges.  Along t he  Big Fish R iv e r  i t  is  a p p r o x i m a t e l y  
1900 f t .  (580 m) t h i c k  (Young,  1975)  and t h i n s  to 1250 f t .  (380 m) 
on Eagle Creek s e ve r a l  mi le s  to the n o r t h w e s t .  In the subsur face  
the "Basal  sandstone" member a t t a i n s  a t h i c k n e s s  o f  about 2375 f t .  
(725 m) in  E l l i c e  0 - 1 4  b o re ho l e  ( f i g .  5)  and about  1200 f t .  (365 m) 
in  Reindeer  D- 27 .  Young ( 1 9 7 5 )  b e l i e v e d  the member was d epo si t ed  
in  a f l u v i a l  envi ronment  a s s o c i a t e d  w i t h  d e l t a s  in subsid ing  
b a s i n .
M i n i s t i c o o g  Member: Th is  member c o n s i s t s  of  gray mudstone
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s i l t s t o n e  and sha le  w i t h  minor  c o a l .  I t s  type s e ct i on  is  l o c a t e d  
toward the mouth o f  the Big Fish R i v e r  where i t  a t t a i n s  an appr ox -  J
imate t h i ck ne s s  o f  1200 f t .  (365 m ) . I t s  lower  cont ac t  is  g r a d a ­
t i o n a l  both a t  the s u r f a c e  and in the s ub su r f a c e .  Both the "Basal
sandstone" and the M i n i s t i c o o g  members are eroded over the Eskimo |
Lakes Arch to the e a s t  and n o r t h e a s t .  The upper c ont ac t  is  a b r u p t  
and marked by a d i s t i n c t  change in l i t h o l o g y  from f i n e  to coarse  
t e r r i g e n o u s  m a t e r i a l .  In the type s e c t i o n  along Eagle and Aklak  
creeks the upper c o n t a c t  is  c o nf o rm a bl e ,  but  in some places in  
the subsur face  of  the r esearch area the M i n i s t i c o o g  Members show 
an unconformable r e l a t i o n s h i p  wi t h  the  o v e r l y i n g  Aklak Member.
R e i n de e r  F o r m a t i o n : The Rei ndeer  Format ion was named by Mount joy
( 1 9 6 7 )  to i n d i c a t e  p o o r l y  c o n s o l i d a t e d  sediments exposed in the  
Car ibou H i l l s  along the e a s t e r n  bank o f  the East  Channel in the  
s o u t h e a s t e r n  c or ne r  o f  the research ar ea  ( F i g .  5 ) .  This s t r a t i ­
g r a p h i e  s e c t i o n  was f i r s t  measured and de sc r i be d by O ' N e i l  ( 1 9 1 5 ,
1 9 2 4 ) .  He measured over  530 f t .  (162 m) o f  l o o s e l y  c o n s o l i d a t e d  
sediments about two mi les  no r t hwe st  o f  Rei ndeer  Depot.  G.R.
T u r n q u i s t  ( 1962 ; i_n Moun t j oy ,  1967) measured,  f o r  the G e o l o g i c a l  
Survey o f  Canada, two s e c t i o n s  o f  the exposed sequence in Car i bou  
H i l l s ,  one about 4 1 /2  mi le s  (7 km) no r t hw est  of  Reindeer  Depot  
and the o t h e r  about 4 mi les  ( 6 . 5  km) s ou th ea s t  o f  i t .  M ou n t j oy ' s  
d e f i n i t i o n  o f  the Rei ndeer  Format ion was pr emature .  He did not  
d e f i n e  the f u l l  f o r m a t i o n  nor did he d es c r i b e  i t  in d e t a i l .  The 
s e c t i o n s  he r e f e r r e d  to c o n s t i t u t e  a smal l  p a r t  o f  the sequence 
exposed in the Car ibou H i l l s .
The s t r a t a  in the Car ibou H i l l s  dip 4° to the nor thwest  and 
a t t a i n  a t h i ck ne s s  o f  a p p r o x i m a t e l y  4000 f t .  (1220 m) (Young e t .
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a j . ,  19761 whtch. a r e  a l l  assigned to t he  Reindeer  Fo rmat ion ,  In  de f i ned  by Mount joy
the type s e c t i o n / t h e  Rei ndeer  Format ton o v e r l i e s  unconfor mably  
Upper Cretaceous s t r a t a .  Th is  c o n t a c t  r e l a t i o n s h i p  I s  a lso  dem­
o n s t r a t e d  In I k h i l l  1-37 Borehole  ( A u s t i n  and Cumming, 1976)  
which is  to the e ast  o f  the Car ibou H i l l s  ( f i g ,  5 ) .  The 
t h i c k n e s s  of  the f o r m a t i o n  In  t h i s  w e l l  I s  a p p r o x i m a t e l y  4200 
f t .  (1280 m) and l l t h o l o g l e s  encountered are s i m i l a r  to those  
exposed in  the H i l l s ,
Southwest  of  the r e se a r c h  area  and west  o f  the  West Channel ;  
a sequence o f  rocks t h a t  contains s a nds t one , s i l t s t o n e ,  sha le  and 
a re  r i c h  in coal  was i n c l ud ed  in  the o r i g i n a l  d e s c r i p t i o n  o f  t h e  
Moose Channel Forma t i on .  Th is  sequence was r e f e r r e d  to as the  
"coal  be ar ing  member" (Young, 1972)  or u n i t  5 (Holmes and O l i v e r ,
1973)  o f  the Moose Channel F o rm a t i on ,  I t  was a l s o  I n c l u de d  In  
t he  Moose Channel Format ion by Mount joy  ( 1 9 6 7 ) .  As ment ioned  
b ef o r e  Young (1 975 )  excluded t h i s  sequence from Moose Channel  
Format ion and f o r m a l l y  named I t  the Akl ak  Member o f  the  R e i nde er  
Fo rma t i on .  In the subs ur fa ce  the Rei ndeer  Format ion I s  o v e r -  
l a i n  conformably  and In p l aces  unconformably by t he  "Unnamed 
s ha le "  or  the "Unnamed Eocene s ha le "  as r e f e r r e d  to by Young 
e t . a l . ( 1 9 7 6 ) .  The "Unnamed s ha le "  I s  about  1600 f t .  (488 km) 
t h i c k  in the Mackenzie  Basin I n c r e a s i n g  c o n s i d e r a b l y  In a n o r t h ­
w e s t e r l y  d i r e c t i o n  as i n d i c a t e d  on se ismi c  p r o f i l e s .  Toward t h e  
Eskimo Lakes Arch Complex the  "Unnamed s ha le"  grades I n t o  a 
sequence of  sandstone and some s i l t s t o n e  and s h a l e .  This  l a t t e r  
sequence I s  r e f e r r e d  to as the " K u g m a l l i t "  Member which could be 
e q u i v a l e n t ,  In p a r t ,  to the  Re i nde er  Format ion [ F . G .  Young,
personal  communicat ions,  1 9 7 8 ) .
in the subsurface  The Rei ndeer  F o r m a t i o n / i s  s ub di v i de d t n t o  two members,  t he
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lower  one is  the Aklak o v e r l a i n  by the T ag l u .  The Taglu is  a 
new name i n t r o d u c e d  in t h i s  re se ar ch  ( F i g .  6 ) .  In the type  
s e c t i o n  the f o r m a t i o n  c o nt a i n s  indigenous Paleocene p o l l e n  
and spores which are younger  than the palynomorph assemblages 
from the type Aklak Member (Young,  1 9 7 5 ) .  The t y p i c a l  Re i nde er  
Format ion is  Paleocene or  pr ob ab ly  Eocene accord ing to G.E.
Rouse (GSC Repor t  F I - 2 - 1 9 6 5  - DCM) who c o l l e c t e d  samples from 
a l o c a l i t y  about  3 . 5  mi le s  ( 5 . 5  km) s out hea st  o f  Rei ndeer  Depot  
which y i e l d e d  p o l l e n  and s por es .  Rouse, a f t e r  l a t e r  e xa mi n at i o n  
concluded t h a t  the sediments are  most l i k e l y  Paleocene r a t h e r  
than Eocene.  In I k h i l l  1-37 the i n t e r v a l  compr ising the Re i nde er  
Format ion was assigned to the Paleocene and E a r l y  Eocene by 
A ust in  and Cumming ( 1 9 7 7 ) .  But in the n o r t h e r n  end o f  the H i l l s ,  
the upper beds o f  the Rei ndeer  Format ion are assigned to the  
Ol igocene accord ing  to A r t  Sweet o f  the Geo l og i ca l  Survey o f  
Canada ( pe r so na l  communicat ions,  1 9 7 7 ) .
Aklak  Member: The i n t e r v a l  c ompr is ing the Aklak Member was
s t u d i e d  a t  s e v e r a l  l o c a l i t i e s  west  o f  the Mackenzie D e l t a  by 
Young ( 1 9 7 5 ) ;  Mount joy ( 1 9 6 7 ) ;  and Holmes and O l i v e r  ( 1 9 7 3 ) .
I t s  type s e c t i o n  is on the Akl ak  Creek which f lows i n t o  the  
southern end o f  Coal Mine Lake,  southwest  of  Shal low Bay. The 
basal  c o n t a c t  o f  the Aklak Member is  d i s t i n c t  in a l l  s e c t i o n s  
west o f  the Mackenzie D e l t a  and is conformable in the subs ur fa ce  
in  the Mackenzie Basin as demonst ra ted in E l l i c e  0 - 1 4  b o r e h o l e .  
East  o f  the D e l t a ,  in  the e a s t e r n  s ide  o f  the Mackenzie Basin  
and c l o s e r  to the Eskimo Lakes Arch,  the c ont ac t  is  an a ng u la r  
di scordance  in the Rei ndeer  D-27 bore ho l e  (Young, 1 9 7 5 ) .  The 
upper c o n t a c t  o f  the member is  eroded in the type s e c t i o n  and 
e lsewhere  on the s u r f a c e ,  but  in the subsur face  i t  is  conformable
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and g r a d a t i o n a l  w i t h  the Taglu Member. Young ( 1975)  d e f i n e d  
i t s  upper l i m i t  by changes in f a c i e s  from predomi nan t l y  non­
marine to pr e do mi n an t ly  m ar i n e .  But f u r t h e r  in the basin the  
upper Aklak  becomes mar ine as i n d i c a t e d  by the presence of  
m i c r o f a u n a .
In the s ur f a c e  southwest  o f  Shal low Bay and in the type  
l o c a l i t y  the Aklak Member c on s is t s  o f  sandstone,  c ong l ome ra te ,  
s i l t s t o n e ,  sha le  and c o a l .  The sandstone is  l i g h t  to dark  
g r a y ,  medium to c o a r s e - g r a i n e d ,  f r i a b l e  but  w e l l  c o n s o l i d a t e d  
in  p l a c e s ,  t h i c k  bedded and p ebb ly ,  e x h i b i t i n g  n o r t h e a s t  d i pp i ng  
t a b u l a r  c r o s s- b e ds .  I t  becomes t h i n  bedded and f i n e  g r a i n e d  on 
t o p .  The sandstones o f  the Aklak are l i g h t e r  and more speckled  
than those o f  the Moose Channel Format ion .  The f e l d s p a r  c o n t e n t  
i s  about  or  less which is about  h a l f  t h a t  o f  the Moose Channel  
The c h e r t  c o n t e n t ,  which is  about  34% on av er age ,  is double t h a t  
o f  Moose Channel Fo rmat ion .  Ot her  dominant  m in e r a l s  in the Aklak  
sandstone are q u a r t z  which c o n s t i t u t e  42%, l i t h i c  and v o l c a n i c  
rock f ragments 12%, p l a g i o c l a s e  2%, o r t h o c l a s e  7%, accord ing to  
Young ( 1 9 7 5 ) .  The conglomerate  is  p o o r l y  s o r te d  and has a 
coarse sandy m a t r i x .  The pebbles are composed mai n l y  of  c h e r t  
and q u a r t z i t e .  The s i l t s t o n e  is  brown g r a y ,  q u a r t z o s e ,  i t  
c ont a i ns  brown specks,  and some c r o s s- b e ds .  The sha le  is dark  
g r a y ,  carbonaceous and s i l t y .  The coal  is b l a c k ,  l i g n i t i c ,  hard  
and c ont a i ns  p l a n t  f r ag m e n t s .  I t  was mined a t  Coal Mine Lake
f o r  many y e a r s .  The Akl ak  shows a f i n i n g  upward sequence.  In 
the deeper  p a r t  o f  the Mackenzie Basin in  a n o r t h e a s t e r l y  and 
n o r t h w e s t e r l y  d i r e c t i o n  the Aklak  Member becomes pr edominant ly  
s i l t s t o n e  and s h a l e .
In the Taglu 6 -3 3  bo re ho le  the uppermost p a r t  o f  Aklak
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c o n s i s t s  o f  r epe at ed  c y c l es  o f  s h a l e ,  s i l t s t o n e  and sandst one .
These cycl es  show a gradual  upward i n cr e a s e  in  g r a i n  s i z e  and 
range in t h i c k n e s s  from 50 -18 0  f t .  ( 1 5 - 5 5  m).  They can a l s o  be 
seen on gamma-ray logs which show a gradual  decrease in API values  
o f  r a d i o a c t i v i t y .  The cyc l es  are p r e s e n t  in s e ve r a l  bo reho les  
and they serve as an e x c e l l e n t  marker  f o r  the top o f  the Akl ak  
Member,
Age: Se ver a l  spec ies  o f  p o l l e n ,  spores and p l a n t  f o s s i l s
have been c o l l e c t e d  from the Aklak Member. W. A. B e l l  o f  the  
G e o l o g i c a l  Survey o f  Canada r e p o r t e d  T rochodendroi  des ( c e r c i  d i -  
phy11um?) a r c t i  ca (GSC I o c s .  6 6 1 3 - 6 6 1 5 )  which accord ing  to him 
is  Pa leocene .  Mount joy ( 1 9 67 )  s t a t e d  t h a t  D. C. McGregor  
examined spores and p o l l e n s  in coal  samples from the Aklak  
Member from a s e c t i o n  a t  Moose R i v e r  Mines on Coal Mine Lake.
According to McGregor the spores and p o l l en s  suggest  an age 
w i t h i n  the upper h a l f  o f  the Upper Cretaceous.  W. W. Br i deaux  
o f  the G e o l og i ca l  Survey o f  Canada i d e n t i f i e d  an assemblage o f  
palynomorphs from a s e c t i o n  near  the base of  the Aklak Member 
a t  i t s  type s e c t i o n  (GSC l o c ,  C - 1 1 2 9 9 ) :  S t e r e i s p o r i tes a n t i -
qi iaspor i  tes , sphagum ( S t e  re i s por i  tes ) reg i  um, I n a p e r t u r o p o l  1 e n - 
1 tes hi  atus , L a r i  coi  di tes magnus , Sequoi a p o l l e n i  tes p a l eoc en i  eus 
T r i s t r i o p o l l e n i t e s  sp.  c f .  T.  c o s t a t us  , B e t u l a ceo i p o l l e n i tes  sp.  
c f .  B^ . i n f requens and T r i  poropol  l e n i t e s  sp. c f .  %. r u g a t u s .
According to Br i deau t h i s  assemblage suggests a M a a s t r i c h t i a n  
or e a r l y  Paleocene age.  A very  s i m i l a r  assemblage was a l so  I
c o l l e c t e d  from E l l i c e  0 - 1 4  boreho le  a t  a depth o f  4850 f t .
( 1478  m) (GSC l o c .  C -12661)  re cove re d by Br ideaux ( 1 9 7 3 ) .
Br i deaux ( 1 9 7 3 ,  GSC I o c s .  C-12656 to C-12660)  s t a t e d  t h a t  
samples c o l l e c t e d  from E l l i c e  0 - 1 4  borehole  from the depth I
2 7 /
i n t e r v a l  1 160 -5 619  f t .  ( 3 5 4 - 1 7 1 0  m) c o n t a i n  an assemblage which  
suggests ages r a n g i n g  up i n t o  the Eocene and p o s s i b l y  the
w e l l .
Based on t he  above,  one can conclude t h a t  t he  age o f  t he  
A k l ak  Member i s  M a a s t r i c h t i a n  i n  t h e  type  s e c t i o n  and s u r r o u n d i n g  
ar ea  and M a a s t r i c h t i a n  t o  e a r l y  Pa leocene in the s u b s u r f a c e  i n  
E l l i c e  0 - 1 4  b o r e h o l e .
Ta gl u  Member; The T a g l u  Member i s  i n t r o d u c e d  here  t o  r e f e r  to  
a c e r t a i n  s e d i m e nt a r y  f a c i e s .  I t s  type  s e c t i o n  i s  in  t he  T ag l u  
G-33 b o r e h o l e .  The member c onf or ma bl y  o v e r l i e s  the  A k l a k  Member  
and u n d e r l i e s  t he  "Unnamed s h a l e "  and the " K u g m a l l i t "  member in  
t he  s ub s u r f a c e .  I t  compr ises an I m p o r t a n t  gas pr od uc ing  i n t e r v a l  
o f  the Taglu F i e l d .  The l o w e r  c o n t a c t  o f  t he  member i s  t a k e n  
a t  the base o f  a s h a l e  l i t h o f a c i e s  p r e s e n t  a t  a depth o f  9022  
f t .  (2750 m) in  T ag l u  G- 3 3 .  Th i s  l i t h o f a c i e s  o v e r l i e s  a sequence  
which c o ns i s t s  o f  f i n e  -  to  c o a r s e - g r a i n e d  s a nd s t o n e ,  s i l t s t o n e ,  
s h a l e  and coal  beds i n c l u d e d  i n  t he  A k l a k  Member. The h i g h e s t  
coal  bed of  t h i s  sequence occurs a t  a depth o f  9690 f t .  ( 2 9 5 4  m).  
The lower  c o n t a c t  o f  t he  T ag l u  i s  t ak en  a r b i t r a r i l y  f o r  c o n v e n i ­
ence s ince  the s h a l e  l i t h o f a c i e s  i s  t h i c k  enough and r e c o g n i z a b l e  
i n  a l l  o f  the Tag l u  F i e l d  b o r e h o l e s .  The upper  c o n t a c t  i s  p l ac e d  
a t  the base o f  a n o t h e r  t h i c k  s h a l e  u n i t  a t  a depth o f  8145 f t .  
(2483  m).  This  s h a l e  u n i t  i s  r e c o g n i z a b l e  over  a l a r g e  a r e a  in  
t he  Mackenzie B a s i n .  I t  i s  known as the "Unnamed s h a l e "  or  as 
Young e t .  a J , ( 1 9 7 6 )  r e f e r r e d  to as the  "Unnamed Eocene s h a l e " .
The "Unnamed s h a l e "  i s  w i d e sp re ad  in  the  Mackenz i e  Basin
A
O l i g o c e n e .  This  depth i n t e r v a l  was c o n s i d er e d  by Young ( 1 9 7 5 )  |
and Br i deaux  ( 1 9 7 3 )  t o  r e p r e s e n t  the e n t i r e  A kl ak  s e c t i o n  i n  the
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and c o n s i s t s  of  marine mudstone,  s h a l e ,  minor b e n t o n i t e ,  m a r l -  
stone and muddy c o n g l o m e r a t i c  sandstone ( G l a i s t e r  and Hopk ins ,
1 9 7 4 ) .  A c l a s t i c  wedge ( " K u g m a l l i t "  member) o f  medium -  and 
coarse -  g r a i ne d  sandstone o v e r l i e s  the Taglu Member in some 
boreho les  in the s o u t h e a s t e r n  p a r t  o f  the r esearch area  such as 
in the case in Re i nde er  D- 27 .  Deeper in the basin the c l a s t i c  
wedge i n t e r f i n g e r s  w i t h  the "Unnamed s h a l e " .
The Taglu Member can be s u b d i v i d e d ,  in  the type s e c t i o n ,  
i n t o  f o u r  l i t h o f a c i e s  ( F i g .  7 ) .  The lower  one is  a sha le  
l i t h o f a c i e s i ;  o v e r l a i n  by a sandstone 1i t h o f a c i e s a w h i c h  in t u r n  is  
o v e r l a i n  by a t h i n ,  s h a ly  l i t h o f a c i e s  and f i n a l l y  a sandstone  
l i t h o f a c i e s  on top 4 . The t h i c k n e s s  o f  these u n i t s  v a r i e s  from 
one boreho le  to a n ot h er  but  the f o u r  l i t h o f a c i e s  are  p r e s e n t  in  
a l l  boreholes  o f  the Taglu F i e l d  and in some o f  the bo re ho le s  
i mm ed ia t e l y  south o f  the f i e l d .
The lower  sha le  l i t h o f a c i e s  a t t a i n s  a th i ck ne ss  o f  425 f t .
(130 m) and c o n s i s t s  o f  l i g h t  gray sha le  and s i l t y  s h a l e .  The 
sha le  is  micaceous,  f i s s i l e ,  and c ont a ins  s c a t t e r e d  sand g r a i n s  
which gi ve  i t  a s p a r k l i n g  appearance.  Abundant carbonaceous  
f ragments are s c a t t e r e d  t hr oughout  the s h a l e .  Thin i n t e r b e d s  
of  very  f i n e - g r a i n e d  sands tone ,  s i l t s t o n e ,  and mudstone occur  
r e p e a t e d l y  t hr oughout  the u n i t .  These sandstone i n t e r b e d s  are  
gr ay ;  s l i g h t l y  c a l c a r e o u s ;  r i c h  in carbonaceous f ragments and 
c o n t a i n  dark c h e r t  g r a i n s  which g i ve  them a speckled appearance.
The s i l t s t o n e  i n t e r b e d s  are s h a l y ,  gray to l i g h t  g r a y ,  micaceous,  
c on ta in  carbonaceous f ragments  and s c a t t e r e d ,  very f i n e  q u a r t z  
g r a i n s .
The o v e r l y i n g  sandstone l i t h o f a c i e s  cons is ts  p r e d o m i n a n t l y  
o f  gray sandstone,  very  f i n e  - to medium-gra ined.  I t  is  s i d e r i t i c .
Fig. 7 -  St rat igraphie S e c t i o n  Tag l u  G - 3 3  ( Tagl u  Type S e c t i o n )
( f o r  sedimentary  s t r u c t u r e  symbol e x p l a n a t i o n  see F i gu r e  20)
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pebbly  in p 1 a c e s , e s p e c i a l l y  near  the t o p , and s l i g h t l y  c a l c a r e o u s .
I t  has a s i l t y  m a t r i x  and c ont a i ns  s c a t t e r e d  coal  c h i p s ,  dark  
c h e r t  g r a i n s  g i v i n g  i t  a speckl ed appearance,  and minor g l a u c o n i t e .  
The g r a i n s  are mode r a t e l y  s o r t e d .  Very t h i n  and minor  bands o f  
coal  are  pr e se nt  near  the uppermost p a r t  o f  the u n i t .  The sand­
stone is  f r i a b l e  in  p laces and c o n s o l i d a t e d  in o t h e r s .  I t  e x h i -
v e r t i  cal
b i t s  s e v e r a l  types o f  se di me nt ary  s t r u c t u r e s  such as/worm burrows,  
r i p p l e  marks,  deformed s t r u c t u r e s ,  c onv ol ut e  l a m i n a t i o n s ,  p l a n a r  
and t rough c r o s s - b e d d i n g ,  and r i p - u p  c l a s t s  ( P l a t e  1 ) .  S i l t s t o n e  
beds are abundant in  the lower  p a r t  o f  t h i s  sandstone l i t h o f a c i e s .  
The s i l t s t o n e  is  g r e y ,  a r g i l l a c e o u s ,  c on ta in s  s c a t t e r e d  sand g r a i n s  
and carbonaceous f r ag me nt s .  I t  i s  a ls o  s i d e r i t i c  and s l i g h t l y  
c a l c a r e o u s .  The t h i c k n e s s  o f  t h i s  sandstone l i t h o f a c i e s  is  
185 f t .  (56 m).
The sandstone l i t h o f a c i e s  is  o v e r l a i n  by a t h i n  dark gr<y shale  
1 i t h o f a c i e s 3 w h i c h  c ont a i ns  very t h i n  s t r i n g e r s  of  very f i n e ­
g r a i n e d  s a n d s t o n e , s i l t s  t o ne and s h a l e .  The s t r i n g e r s  are very  
s i m i l a r  to those d es cr ibe d in the u n d e r l y i n g  sha le  l i t h o f a c i e s .
In the middle  o f  the s ha ly  l i t h o f a c i e s  a f i n e - g r a i n e d  micaceous 
sandstone i n t e r v a l  is  p r e s e n t .  The t h i ck n es s  o f  t h i s  t h i n  sha ly  
l i t h o f a c i e s  is 50 f t .  (15 m).
The t h i n  sha le  l i t h o f a c i e s  is  o v e r l a i n  by a sandstone l i t h o ­
f a c i e s  f,  medi um- to c o a r s e - g r a i n e d ,  m o de r a t e l y  s o r t e d ,  a r g i l l a c e o u s  
and s i l t y ,  and s l i g h t l y  s i d e r i t i c .  I t  cont a i ns  dark c h e r t  g r a i n s ,  
g i v i n g  i t  a speckled appearance,  coal  chips and s c a t t e r e d  carbon­
aceous f rag me nts .  Minor  bands o f  very t h i n  coal are a lso  p r e s e n t .  
The sandstone Is f r i a b l e  in some p l aces  and more c o n s o l i d a t e d  in  
o t h e r s .  In i t s  lower  p a r t  the sandstone l i t h o f a c i e s  conta ins  
s e v e r a l  i n t e r b e d s  of  brownish g r e y , s h a ly  s i l t s t o n e  which
31.
Plate I .  Trough cross-beds on medium scale in very 
coarse-grained sandstone. A shale rip-up 
clast  (a) near centre of photo. White patches 
are calci te cement. 1:1 scale, Taglu G-33 at  
8222 f t .  (2506 m) depth.
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c o n t a i n s  s c a t t e r e d  v e r y  f t n e  q u a r t z  g r ^ t n s ,  coal  c h i p s ,  ca rb on­
aceous f ragments  and g l a u co n t t . e ,  $ h a l e  ts v e r y  r a r e ,  on ly  two 
ve ry  t h î n  dark  gray beds are  p r e s e n t  in  t t s  lower  p a r t .  The 
l i t h o f a c i e s  e x h i b i t s  a s u i t e  o f  s e d i me nt ar y  s t r u c t u r e s  a lmost  
i d e n t i c a l  to the one found in the  lower  sandstone l i t h o f a c i e s .
I t s  t h i c k n e s s  is 180 f t .  [55 m).
The Taglu Member in i t s  type  s e c t i o n  c o n s i s t s  of  two 
s ed i me nt ar y  c y c l o t he m s, Both show g r a d a t i o n a l  change in  
l i t h o l o g y  from p r e d o m i n a n t l y  sha le  on b o t t o m  to pre domi nan t l y
s i l t s t o n e  and f i n a l l y  sandstone on t op .  Th is  change in 1 i t h o -  |
logy a l s o  c o i n c i d e s  w i t h  an upward i n c r e a s e  in g r a i n  s i z e  and a
gener a l  i n c r e a s e  in bed t h i c k n e s s .  The uppermost p a r t  of  the  
lower  c yc lo t he m,  however,  shows a f i n i n g  upward sequence from 
coarse  to f i n e - g r a i n e d  sandstone ( F i g .  7)  and a decrease in bed 
t h i c k n e s s .  In the  uppermost p a r t  o f  the upper cyclothem on l y  
a s l i g h t  upward decrease in g r a i n  s i z e  from coarse to medium is  
o b s e r v e d .
The Taglu Member i s  u n i d e n t i f i a b l e  in  the type  s e c t i o n  o f
of  Mount joy
the Rei ndeer  F o r m a t i o n / .  I t  i s  e rodedj  in I k h i l l  1-37 borehole  
l o c a t e d  2 . 5  m i l es  (4 km) e a s t  o f  the Car ibou H i l l s  as we l l  as
in K i pn i k  0 - 2 0  l o c a t e d  n i ne  m i l e s  (14 km) west  of  the H i l l s
as based on seismic i n t e r p r e t a t i o n  ( F i g .  5 ) / .  I t  absence in these  two w e l l s  i s  a t t r i b u t e d  to e r o s i o n .
The l i t h o f a c i e s  o f  the Taglu Member become coa rse r  in  a 
s o u t h e r l y  and e a s t e r l y  d i r e c t i o n  away from the type  s e c t i o n .
They a ls o  become f i n e r  and u l t i m a t e l y  grade i n t o  s i l t s t o n e  and 
sha le  in n o r t h e r n  and we st er n  d i r e c t i o n s .
The t h i c k n e s s  of  the  Tagl u Member v a r i e s  from one p l ace  to  
a n o t h e r .  In the  type s e c t i o n  i n  Taglu G-33 b or eho le  i t  i s  800 
f t .  (268 m),  in  Langley E-29 i t  is  820 f t .  (250 m) ,  in Adgo F- 28
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i t  i s  545 f t .  (166 m ) , and in Re i ndeer  D-27 i t  i s  500 f t .  (152 
m). I t  i s  eroded in Tununuk K - 10 ,  Kugpik 0 - 1 3 ,  Rei ndeer  A - 0 1 , |
and Unak B-11 ( F i g .  5 ) .
There is  a genera l  l a c k  o f  d i a g n o s t i c  microf auna in the sub­
s u r f a c e  p a r t  o f  T e r t i a r y  sediments o f  the Mackenzie D e l t a  a r ea .
Most o f  the forms are reworked or p o o r l y  p r e s er v e d .  Po l lens  and 
spores are the most I m p o r t a n t  forms t h a t  can be used in  t h i s  area  
f o r  age d e t e r m i n a t i o n  and c o r r e l a t i o n .
The marine d i n o f  1 agel  1 a te  Wetzel  1 el  1 a hampdenensis is one 
o f  the most i m p o r t a n t  marker  f o s s i l  in the Mackenzie D e l t a  a r e a .
I t  is  r ea so n ab l y  w i d e sp re ad ,  and found in the lowermost  p a r t  o f  .1
the "Unnamed sha le"  j u s t  above the Taglu Member. W e t z e l i e l 1 a 
a r t i  cul  a ta  a ls o  occurs t o g e t h e r  w i t h  W. hampdenensi s ( S t a p l i n ,
1976)  and A s t r o c y s t a  sp.  D i a g n o s t i c  t e r r e s t r i a l  palynomorphs  
occur  a l o n e ,  w i t h i n  and j u s t  below the Taglu Member; these a re :
PesaVis t agl  uens 1 s , Epiph.yl lous f u n g i , Azol 1 a s p . , Agui 1 apol 1 en-  
i tes c f .  r e t i  c u l a t e s , Gr ana t i  s por i  tes s p . , and c o t a l i  s . This  
f o s s i l  assemblage occurs in an i n t e r v a l  t h a t  i n c l u d e s  the Taglu  
Member in most o f  i t s  p a r t s .  A u s t i n  and Gumming ( 19 76 )  named the  
zone in which t h i s  assemblage o f  mar ine  di n o f 1a g e l 1ates and 
t e r r e s t r i a l  palynomorphs occurs the Pesavis  t a g l uen s  i s Zone.
Age: The age o f  the Taglu Member is  Eocene.  This  has been
e s t a b l i s h e d  from d i n o f 1a g e l 1ates and palynomorphs by Barnes e t .  
al . ( 1 9 7 4 ) ;  S t a p l i n  ( 1 9 7 6 ) ;  and Shawa ejt. ( 1 9 7 4 ) .  Aust in
and Cumming ( 1 9 7 7 ,  1976)  in d e t a i l e d  b i o s t r a t i g r a p h i c  r e p o r t s  
assigned v a ry in g  Eocene ages f o r  the Pesavis  t a g l u e n s i  s Zone I
in s e v e r a l  b o r e h o l e s .  In Adgo F-28  they e s t a b l i s h e d  a Middle  f
Eocene, in Langley E - 2 9 ,  an Upper Eocene,  in Y a Y a A-28  a Lower
Eocene,  in Taglu C-42 an Upper Eocene and in N i g l i n t g a k  H-30 a I
Middle  Eocene age. J
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CHAPTER ly  
methods AND RESULTS OF CORRELATION
C o r r e l a t t o n  of  the Tj^glu Mejuher 1 t t h o f ac tes  in the Mackenzie  
Basin t s  d t f f t c u l t  due to f a c i e s  changes,  s i m i 1a r 1t y  in compo- |
s i t i o n  and t e x t u r e  o f  s u c c es s i ve  f a c i e s ,  f a u l t i n g  and the absence %
of  marker  beds. U n f o r t u n a t e l y  b i o l o g i c  c o r r e l a t i o n  has l i m i t e d  %
a p p l i c a t i o n  due to t he  f a c t  t h a t  many f o r a m i n i f e r a  and palynomorphs  
of  the T e r t i a r y  are  the  pr od uc t  o f  reworking and the l a t t e r ,  
moreover ,  are  long r anging  s p e c i e s .  But b e f o r e  the envi ronment  
of  d e p o s i t i o n  and the d i a g e n e t i c  h i s t o r y  are  i n t e r p r e t e d ,  the  
s t r a t a l  c o n t i n u i t y  o f  t he  Taglu Member must be e s t a b l i s h e d  in the  
b o r e h o l e s .  T h e r e f o r e ,  c o r r e l a t i o n  became a p r i m a r y  o b j e c t i v e  
o f  t h i s  r e s e a r c h .  Knowledge o f  the l o c a t i o n  and t r en d of  f a u l t s ,  
l o c a t i o n  o f  g eo l o g i c  highs and lows,  and the c o n f i g u r a t i o n  o f  
the basin as obta ine d from s e i smi c  and g r a v i t y  da t a  proved h e l p ­
f u l  in c o r r e l a t i o n .
The T e r t i a r y  s e c t i o n  of  the resear ch  area is  very t h i c k ,  
t h e r e f o r e ,  the c o r r e l a t i o n  had to proceed in two s ta ge s .  One,  
a gross c o r r e l a t i o n  a p p l i e d  to major  cycles  or  t h i c k  sequences,  
was f o l l o w e d  by a f i n e  c o r r e l a t i o n  of  the l i t h o f a c i e s  of  the  
Taglu Member. C o r r e l a t i o n  was accompl ished by c o n s i d e r i n g  a l l  
the p h y s i c a l ,  b i o l o g i c a l  and chemical  aspects o f  the roc k .
Phy s i ca l  c o r r e l a t i o n  d e a l t  w i t h  v e r t i c a l  sequences o f  f a ci  es,  
v e r t i c a l  d i s t r i b u t i o n  o f  the  g r a i n  s i z e ,  p o s i t i o n  of  l i t h o l o g i e  
u n i t s  or  sequences and s t r a t i f i c a t i o n .  B i o l o g i c a l  c o r r e l a t i o n  
was based on key species  and f o s s i l  assemblages c o nt a in e d in  
l i t h o l o g i e  zones.  Chemical  c o r r e l a t i o n  i n c l u d e d  the composi t ion |
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a
t r a c e  e l e m e n t s  w e r e  u s e d ,  Some o f  t h e s e  e l e m e n t s  a r e  i n h e r i t e d  '
f r o m  t h e  p a r e n t  r o c k s  and some w e r e  i n c o r p o r a t e d  a u t h i g e n e t i c a l l y  I
%in c e r t a i n  envi ronments dur i ng  d e p o s i t i o n .  Those i n h e r i t e d  from - |
t he  p a r en t  rock a re  u s e f u l . in c o r r e l a t i o n  and those r e f l e c t i n g  #
a u t h i g e n e s i s  are  h e l p f u l  in  i n t e r p r e t i n g  the env i r onment .  Gross 
c o r r e l a t i o n  techniques  were used to det er mi ne  the  v e r t i c a l  and %
l a t e r a l  e x t e n s i o n  of  the Taglu Member w i t h i n  the re se ar ch  a r e a .
They are  based on se ismic  p r o f i l e s ,  major  s ed i ment ary  c y c l e s ,
gamma-ray and sonic l o g s ,  and b i o l o g i c a l  d a t a .  The a p p l i c a t i o n  o f
1each o f  the  above ment ioned t ec hni que s  is discussed in d e t a i l  'g
b e l ow.
Seismic  C o r r e l a t i o n
The t ec hn i que  is  based on the  p r i n c i p l e  t h a t  d i f f e r e n t  l i t h o -  
l o g i e s  have as a genera l  r u l e  d i f f e r e n t  v e l o c i t i e s  ( Russe l ,  1 9 6 0 ) .  
T h e r e f o r e ,  when sandstone and sha le  u n i t s  o v e r l i e  one another  
t h e i r  c on ta c ts  serve as r e f l e c t i o n  sur fa ce s  which a re  recorded  
on se ismi c  p r o f i l e s .  Under f a v o u r a b l e  c o n d i t i o n s  these r e f l e c t ­
ions can be t r a c e d  h o r i z o n t a l l y  over  a l a r g e  a r e a .
Seismic c o r r e l a t i o n  proved d i f f i c u l t ,  because of  the absence  
of  good q u a l i t y  se ismi c records  and p r o f i l e s  in many p l aces .
P hy s i ca l  c o n d i t i o n s  p a r t i c u l a r l y  a t  the s ur f a c e  o f  the Mackenzie  
D e l t a  a r e a ,  such as p e r m a f r o s t ,  the presence o f  b u r i e d  ice  
wedges expressed a t  the s u r f a c e  by numerous p i ngos ,  and e r r a t i c  
P l e i s t o c e n e  and Holocene s ed i me nt ar y  cover  i n h e r i t e d  from severe  
g l a c i a t i o n ,  make t h i s  one«fthe most d i f f i c u l t  areas to obta i n  
good q u a l i t y  se ismi c r e c o r d s .  To these s u r f a c i a 1 c o m p l e x i t i e s  
are  added those in the s u b s u r f a c e .  The presence o f  f a u l t s  which  
t e r m i n a t e  a b r u p t l y  d i s t o r t s  the  r e f l e c t i o n  which may make i t  
d i f f i c u l t  to pursue across the  f a u l t  p l a n e .  F i n a l l y ,  changes in
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f actes: which can he q u i t e  a b r u p t  in  bu r i ed  d e l t a i c  depo si ts  |
[see Chapter  V T l  cause e ner gy  d i s p e r s a l s  and changes in the  
c h a r a c t e r i s t i c s  of  r e f l e c t i o n s  and consequent  loss  o f  i d e n t i t y .  1
I t  has been assumed t h a t  se ismi c  r e f l e c t i o n s  are  approximate  
i^ c hr on o-u-e S44r-f-a4>e & o f d e p o s i t i o n a l  s u r f a c e s .  Th is  assumption  
makes i t  p o s s i b l e  to e s t a b l i s h  the  sequence o f  s t r a t i g r a p h i e  
u n i t s  w i t h i n  a b a s in .  Brown and F i s h e r  ( 1 976 )  s t a t e d  t h a t  such |
u n i t s  p e r m i t  a c cu r a t e  s t r a t i g r a p h i e  c o r r e l a t i o n s  provided good 
q u a l i t y  se ismi c p r o f i l e s  a r e  a v a i l a b l e .  The Taglu Member 
c o n s t i t u t e s  one of  these s e i smi c  s t r a t i g r a p h i e  u n i t s ,  a l though  
di achronous l i t h o f a c i e s  changes must somewhat modi fy  Brown and 
F i s h e r ' s a s s o r t i  on.
E s t a b l i s h i n g ,  in gener a l  f a s h i o n ,  the Mackenzie  Basin f r a m e ­
work as discussed in Chapter  I I  and I I I ,  s i m p l i f i e s  the c o r r e l a ­
t i o n  of  se ismi c  s t r a t i g r a p h i e  u n i t s .  In s p i t e  o f  the i n f e r i o r  
q u a l i t y  o f  se ismic  records i t  i s  f e l t  t h a t  the r e g i o n a l  c o r r e ­
l a t i o n  o b ta i n ed  from the s e i smi c  p r o f i l e s  was s a t i s f a c t o r i l y  
o b j e c t i v e  but  t h a t  going i n t o  f u r t h e r  d e t a i l  would be h i g h l y  
s u b j e c t ! v e .  Seismic p r o f i les  a l s o  s u pp l ie d  v a l u a b l e  i n f o r m a t i o n  
on the presence and t rends  o f  f o l d s  and f a u l t s  in  the subsur face  
in p laces  where no borehole  data  are  a v a i l a b l e  ( F i g .  5 ) .
The se ismi c c o r r e l a t i o n  o f  the  Taglu Member i s  i l l u s t r a t e d  
by two se ismi c  c r o s s - s e c t i o n s  marked B-B'  and C - C ’ and shown on 
Fi gur es  8 ,  9.  Other  se ismi c p r o f i l e s  were used f o r  t h i s  r esear ch  
and t h e y  s up p l i ed  v a l u a b l e  complementary data on the a r ea l  d i s ­
t r i b u t i o n  of  the  Taglu Member and on the s t r u c t u r e .  U n f o r t u n ­
a t e l y  no permissi on to show them in t h i s  r e p o r t  was; granted by 
the companies who own the ownership r i g h t s . The se ismic  p r o f i l e s  
shown here pass through or  a d j a c e n t  to a l a r g e  number o f  boreholes
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( F i g .  1 0 ) .  T h e r e f o r e ,  i t  was p o s s i b l e  to compare the i n t e r ­
p r e t a t i o n  made on s e i smi c  p r o f i l e s  w i t h  the s t r a t i g r a p h i e  i n t e r ­
p r e t a t i o n  made in  those boreholes  and to a d j u s t  the two i n t e r ­
p r e t a t i o n s ,  p r ov id ed  boreho le  depths coul d  be conver ted s a t i s ­
f a c t o r i l y  i n t o  se ismi c t r a v e l - t i m e  or v i c e  v e rs a .
In o r de r  to de t er mi ne  the a ppr ox imat e  depth to a c e r t a i n  
se i smi c  r e f l e c t i o n  both the average v e l o c i t y  o f  the o v e r l y i n g  
s t r a t a  and the t r a v e l - t i m e  o f  the soni c  wave to t h a t  r e f l e c t i o n  
must be known. This  r e l a t i o n s h i p  is  expressed in the simple  
mathemat ica l  e q u a t i o n ,  D=V.T;  where D is  the depth in f t . , V 
i s  the average v e l o c i t y  in  f t . / s e c . , and T is  t ime per second.
T is  recorded on the s e i smi c  p r o f i l e s  and V was c a l c u l a t e d  from 
soni c  logs a v a i l a b l e  f o r  a l l  o f  the boreholes  in the research  
area in the f o l l o w i n g  way: V e l o c i t y  surveys g i v i n g  the soni c
t r a v e l - t i m e  as a f u n c t i o n  depth are very  r a r e  in the Mackenzie  
D e l t a ,  so t h a t  f o r  the boreholes  used in  the se ismi c c o r r e l a t i o n  
t h i s  f u n c t i o n  had to be d e r i v e d  from the soni c  logs .  In some 
sonic  logs the t r a v e l - t i m e  is  i n t e g r a t e d  f o r  each run by f i e l d  
computers du r i ng  the survey appears as l i t t l e  t i c k s  beside the  
foo t age  s c a l e ,  each t i c k  represent !ngaimi  11 isecond i n t e r v a l .  The 
t r a v e l  -  t ime from the beg i nn i ng  t i l l  the end o f  the sonic  survey  
i s  thus e a s i l y  det er mi ned by a count  o f  the  t i c k s  throughout  
the runs and thus only  f o r  the p a r t  o f  the borehole  s e c t i o n  above 
the s t a r t  o f  the survey the t r a v e l - t i m e  needs to be e s t i m a t e d .  This  
e s t i m a t e  is based on an e v a l u a t i o n  o f  the rocks near  the s u r f a c e  
and even when t h i s  can be done s u f f i c i e n t l y  a c c u r a t e l y ,  o t h e r  
f a c t o r s  such as t r a n s v e r s e d  ice-wedges and the depth o f  the perma­
f r o s t  remain l a r g e l y  unknown so t h a t  the g r e a t e s t  e r r o r s  in  
t r a v e l - t i m e  depth f u n c t i o n  are due to u n c e r t a i n t i e s  near  the
38.
s u r f a c e .  For boreholes  l a c k i n g  the t i c k s  an a v e r a g e ,  s t r a i g h t  
l i n e  was drawn by eye through the u n d u l a t i n g  s on i c  curve o f  an 
a p p r o p r i a t e l y  chosen i n t e r v a l  (D^ f e e t ) .  The average t r a n s i t  
t ime f o r  t h i s  i n t e r v a l  can then be read on the s on i c  scale  o f  
the log ( A T ) ,  and t h i s  va lue  m u l t i p l i e d  by y i e l d s  the sonic  
t r a n s i t  t ime . A T ^ , f o r  the i n t e r v a l  . The same procedure  
was r e pe at ed  f o r  the next  f oo t age  i n t e r v a l s  Dg, , e t c .  and the
r e s u l t i n g  t r a n s i t  t ime i n t e r v a l s  Dg* ATg, D ^ . A T ^  correspond w i t h  
the t i c k s  d i scussed b e f o r e ,  the on ly  d i f f e r e n c e  being t h a t  in  
t h i s  case the i n t e r v a l  . A T ^ , Dg^ATg, e t c .  are  not  equal  
d u r a t i o n .  The t r a n s i t  t ime over  the whole i n t e r v a l  o f  the s on i c  
log is  then AT = . A T ^ ,  —  ^n*'^^n ' depth e s t i m a t e  which
corresponds w i t h  soni c  t r a v e l  t ime was found to be ac cu ra te  
w i t h i n  1000 f t .  (305 m).  That  i s  to say t h a t  the depth of  the  
Taglu Member can be l o c a t e d  w i t h i n  1000 f t .  (305 m) i n t e r v a l  in  
a bore ho l e  i f  t h a t  se i smi c  p r o f i l e  goes through or  runs 
a d j a c e n t  to t h i s  b o re ho l e .
The s e i smi c  s t r a t i g r a p h i e  u n i t  which r e p r e s e n t s  the Taglu  
Member in Taglu G-33 bo re ho le  was determined on s e i smi c  c ro ss -  
s e c t i o n  C - C  ( F i g .  9 ) .  The r e f l e c t i o n s  o f  the s e i s m i c  s t r a t i ­
g r a p h i e  u n i t  In the area o f  the Taglu G-33 show d i s t i n c t l y  a 
basinward p r o g r a d a t i o n  o f  sed i me nt ary  u n i t s ,  marked in r e d ,  in  
a n o r t h e r l y  d i r e c t i o n .  As s t a t e d  b e f o r e ,  the s u r f a c e s  o f  the  
se di me nt ary  u n i t s  c o n s t i t u t e  a p p r o x i m a t e l y  isochronous s ur f ac es  
(Brown and F i s h e r ,  1 9 7 6 ) .  The s e i smi c  s t r a t i g r a p h i e  u n i t  o f  the  
Taglu Member is  o v e r l a i n  by a n ot h er  se ismi c  s t r a t i g r a p h i e  u n i t  
which c o n s i s t s  o f  very weak and i n t e r r u p t e d  s h o r t  r e f l e c t i o n s .
The l a t t e r  u n i t  r e pr es e nt s  the "Unnamed s ha le"  which o v e r l i e s  
the Taglu Member. Weak and i n t e r r u p t e d  r e f l e c t i o n s  could
39.
t n d t c a t e  a r e p e t t t t o n .  o f  t ïxXn beds  o f  ska l e  and s a n d s t o n e .  O n l y  
a r e a s - o n a b l y  t b t € k  bed o f  c o n t r a s t t n g  1 t t b o l p g y  w t l l  r e f l e c t  t h e  
s e t s m t c  w a v e s .
The Taglu se ismi c  s t r a t i g r a p h i e  u n i t  was t ra ce d  sout hwe st -  
ward to the  El 1 i c e  0 - 1 4  and no r t he a s t wa r d  to Mai 1 f k  L-38 b o r e ­
holes along se ismi c  cross s e c t i o n  C-C'  ( F i g .  9J.  In Mai 1 I k  L-38  
the u n i t  i s  u n i d e n t i f i a b l e  due to a change In  f a c i e s  from sand­
stone and sha le  to p r e do m in an t l y  s h a l e .  In Taglu C-42 i t  is  
i n t e r s e c t e d  a t  about  8750 f t .  (2667 m) and in U ni p ka t  1-22 i t  
is  a t  750 f t .  (229 m).  In E l l i c e  0 - 14  the u n i t  was found a t  
about  1500 f t .  (357 m).
The Taglu se ismi c s t r a t i g r a p h i e  u n i t  a ls o  shows d i s t i n c t  
basinward p r o g r a d a t i o n  o f  s ed i me nt ar y  u n i t s  in  a n o r t h e r l y  
d i r e c t i o n ,  as shown on s e i smi c  l i n e s  ( not  shown her e)  p a r a l l e l  
to g e o l o g i c  cross s e c t i o n  A-A ( F i g .  1 0 ) .  In Reindeer  D-27 the  
Taglu se ismi c  u n i t  is  u n i d e n t i f i a b l e  due to the  absence o f  a 
t h i c k  c o n t r a s t i n g  l i t h o l o g y .  In YaYa P-53 the u n i t  is  i n t e r ­
sected a t  about  5200 f t .  (1585 m).  In Taglu P-03 i t  is  found a t  
about  9700 f t .  (2956 m).  F i n a l l y ,  the se ismic  s t r a t i g r a p h i e  u n i t  
di sa ppe ar s  in  a nor thwestward d i r e c t i o n  due to a change in f a c i e s  
to  p r e do mi n an t l y  s h a l e .  The s ha le  here a t t a i n s  high t h i c k n e s s  
which promotes mud d i a p i r i s i m  in  the area  as can be seen in  the  
v i c i n i t y  o f  Immerk B-48.
Seismic c r o s s - s e c t i o n  B -B ‘ ( F i g .  8 ) is  of  i n f e r i o r  q u a l i t y  
t h e r e f o r e  the Taglu se ismi c  s t r a t i g r a p h i e  u n i t  can not  be i d e n ­
t i f i e d  and t r a c e d  s a t l s f a c t o r l l y  in  s eve ra l  p l a c e s .  On the  
Eskimo Lakes Arch Complex the u n i t  Is  eroded;  t h i s  occurs a ls o  
in both, l o c a t i o n s  o f  Rei ndeer  A-01 and I k h i l l  1 - 37 .  In Tununuk 
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STRATIGRAPHIC CROSS-SECTION SEISMIC PROFILE
F i g .  10 -  Map s h o w i n g  l o c a t i o n  o f  b o r e h o l e s ,  l i n e s  o f  s e i s m i c  
p r o f i l e s  and g e o l o g i c  c r o s s  s e c t i o n s .
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D-27 t t  can be i dent  i f  ted and tn La ng le y  E-29. t t  t s  i n t e r c e p t e d  
a t  about  42QQ f t .  0  280 f .  In Adgo f - 2 8  tfce Taglu un t t  t s  
unt d e n t t f t a b ' l e  due to poor qua! t t y  o f  the s e tsmtc r e c o r d ,  A1 -  
though se ismi c c r o s s - s e c t i o n  B-B'  i s  o f  poor q u a l i t y  i t  shows 
c l e a r l y  the gener a l  a t t i t u d e  o f  the s t r a t a  and the l o c a t i o n  o f  
f a u l t s  and f o l d s .
C o r r e l a t i o n  of  Major  Sedimentary  Cycle
This  c o r r e l a t i o n  was ob ta i ne d  through the use o f  diagrams  
p r e s e n t i n g  the g r a i n - s i z e  and the r a d i o a c t i v i t y  c o n t i n u o u s l y  
t h r oug hou t  the s ed i me nt a ry  s e c t i o n s  o f  many boreholes  l o ca t ed  
along the g eo l o g i c  c r o s s - s e c t i o n s  A-A'  B - B ' ,  and C - C  ( F i g .  1 0 ) .  
The diagrams d e r i v e d  f rom a t ec hn i que  developed by H.C.  Raasve ldt  
o f  PetroCanada and the a u t ho r  f o r  the purpose of  a n a l y s i n g  and 
documenting the e r o g e n i c  h i s t o r y  of  areas b o r d e r i n g  d e p o s i t i o n a l  
b a s i n s .  The t e c h n i q u e  is  planned f o r  f u t u r e  p u b l i c a t i o n  but  
p r e s e n t l y  the  f o l l o w i n g  b r i e f  d e s c r i p t i o n  w i l l  s u f f i c e .
The g r a i n - s i z e  diagrams are d e r i v e d  from s t r a t i g r a p h i e  
s e c t i o n s  ( l o g s )  prepared by the Canadian S t r a t i g r a p h i e  S e rv ic e  
L t d . ,  C a l g a r y ,  from d r i l l  c u t t i n g s .  The g r a i n - s i z e  va lue  ob ta i ned  
f rom the logs was averaged f o r  1 0 0  f t .  (30 m) i n t e r v a l s  t h r oug h­
out  t he  e n t i r e  depth o f  each bore ho l e  and these averages were 
subs eque nt l y  smoothed by a computer program. The diagram show 
the average g r a i n - s i z e  p l o t t e d  in g r a i n - s i z e  u n i t s  0 ( s h a l e )  to 
6 ( p e b b l e s )  as a f u n c t i o n  o f  depth ( F i g .  1 1 ) .
The gamma-ray diagrams are  based p r e f e r a b l y  on the c o r r e s ­
ponding logs run down the  bore ho l e  in  c o n j u n c t i o n  w i t h  the sonic  
t o o l , which is a c e n t r a b r e d  too l  measur ing the r a d i o a c t i v i t y  in  
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s u r v e y  where the too l  I s  run e c c e n t r i c a l l y ,  pressed a g a i n s t  the
w a l l  o f  the  horehol .e . Though t he  l a t t e r  survey may  ^ b e t t e r
r e p r e s e n t  the r a d i o a c t i v i t y  o f  the  r o c k s ,  these surveys  are  less  
f r e q u e n t ,  e s p e c i a l l y  In o l d e r  b o r e h o l e s ,  and t h e r e f o r e  they were  
only  used In  cases where gamma-ray t o o l  combined w i t h  the sonic  
di d not  r e g i s t e r  p r o p e r l y .  Only t he  roughest  c o r r e c t i o n s  were 
made a t  the swi t ch from one t o o l  to the o t he r  and a t  the change 
of  d i a m e t e r  o f  the b o r e h o l e .  In  view of  the many t roughs and 
peaks in  the gamma-ray c u r v e ,  averages were f i r s t  made by eye 
across 10 f t .  (3 m) i n t e r v a l s  and from these data t he  100 f t .
(30 m) averages were s ubs eque nt ly  computed.  The 100 f t .  (30 m) 
averages were then smoothed by the same computer program used 
f o r  smoothing the g r a i n - s i z e  c u r v e .  The o bt a i ne d curve showing 
the  average r a d i o - a c t i v i t y  as a f u n c t i o n  of  depth ( F i g .  11)  i s  
comparable to t h a t  o f  the  g r a i n - s i z e .
In Taglu G-33 bore ho l e  average g r a i n - s i z e  va l ue s  suggest  
the  presence o f  t h r e e  major  c y c l e s ;  A, B, and C ( F i g .  1 1 ) .  The 
lowermost  one extends upward to about  8000 f t .  (2438 m) ,  the  
second to about  2 0 0 0  f t ,  (610 m) ,  and the t h i r d  to t he  s u r f a c e .
Two of  these  c y c l e s  are  suggested by the  average gamma-ray v a l u e s .  
But in the upper p a r t  o f  the  b o re h o l e  or c yc le  C, gamma-ray is
not  d e f i n i t i v e .  This is  due to e x ce s s i v e  s loughi ng o f  very
loose g r a v e l  which i nc r e a s e d  t he  bo re ho le  d i a m e t e r .  The Taglu  
Member is  p r e s e n t  in the upper p a r t  o f  the f i r s t  c y c l e  or A.
Each major  c y c l e  r e p r e s e n t s  a t r a n s g r e s s i v e  and r e g r e s s i v e  
phase o f  s e d i m e n t a t i o n .  Because o f  t h e i r  a p p r e c i a b l e  t h i ckness  
t h e i r  l a t e r a l  c o n t i n u i t y  I s  expect ed to be h i g h .  T h e r e f o r e ,  
they  were used f o r  gross c o r r e l a t i o n .  F igures  1 2 - 14  show the  
l a t e r a l  d i s t r i b u t i o n  of  the t h r e e  major  cyckes.  The cycles
44 . JL
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become t h i n n e r  and less obvious toward the Eskimo Lakes Arch 
Complex as can be seen in the Re i nde er  D-27 b o re h o l e .  This 
change in t h i c k n e s s  is expected i n  t h i s  d i r e c t i o n  s ince the J
edge o f  the basin was l o c a t e d  in t h i s  genera l  area dur ing  
T e r t i a r y  t i m e .
C o r r e l a t i o n  o f  Trace Elements
Trace e lements are found in minute q u a n t i t i e s  adsorbed 
on the s ur f ac e  or  i n t e g r a t e d  i n t o  the l a t t i c e  of  miner a l  g r a i n s .
I f  found in the  l a t t e r  case they  could be usef ul  in the c o r r e ­
l a t i o n  o f  sediments to t h e i r  source rocks and i f  they  are  
absorbed on the mi ne ra l  g r a in s  they  could have env i ronmenta l  
s i g n i f i c a n c e .  Dennen (1 967 )  used t r a c e  elements such as A1 ,
Fe,  Li and Ti in q u a r t z  to de t ermi ne  the provenance of  the  
Pe r ry  Format ion in s ou th e a s t e r n  Maine ,  U .S.A.
In t h i s  r ese ar ch  sha le  samples t o t a l l i n g  152,  were c o l l e c t e d  
f o r  t r a c e  e lement  a n a l y s i s  ( append ix  A) from N i g l i n t g a k  H-30 ,
Langley E - 2 9 ,  Taglu G-33 ,  YaYa P - 5 3 ,  Un ipkat  1 - 2 2 ,  and E l l i c e  
0 - 1 4  b o r e ho l e s .  Each sample r e p r e s e n t s  a composi te s e c t i on  of  
100 f t .  (30 m).  At the t ime when samples were c o l l e c t e d  the  
e x a c t  p o s i t i o n  o f  the Taglu Member was not  known. T h e r e f o r e ,  I
a 2000 f t ,  (610 m) I n t e r v a l  from each o f  the f i v e  boreholes  
was sampled.  L i ,  N i ,  Cr ,  Mn, Z n , and Ti were a na lyzed  by 
u t i l i z i n g  atomic a b s o r p t i o n  and Pb,  Y and Zr were analyzed by 
X - r a y  f l u o r e s c e n c e .  The r e s u l t s  were t a b u l a t e d  and p l o t t e d  by 
computer as c l u s t e r  a n a l y s i s  d iagrams.  The c l u s t e r s  were 
grouped based on the s i m i l a r i t y  l e v e l  o f  the c o r r e l a t i o n  co­
e f f i c i e n t  ( F i g .  15 ,  in p o c k e t ) .  Each group was i d e n t i f i e d  by
4 8 .
a c o l o r  symbol and a l l  the samples w i t h i n  these groups were p l o t t e d  
in  F i g .  16.  This  f i g u r e  shows t h a t  a s i m i l a r i t y  in  c o r r e l a t i o n  
c o - e f f i c i e n t s  e x i s t s  in Taglu G-33 and YaYa P-53 between the  
i n t e r v a l s  8100 f t .  (2469 m) to 8600 f t .  (2621 m) and 5100 f t .
(1554 m) to 5800 f t .  ( 1768  m) s u c c e s s i v e l y .  Also a s i m i l a r i t y  
e x i s t s  in  Langley  E-29 and N i g l i n t g a k  H-30 between the i n t e r v a l s  
4500 f t .  (1327 m) and 3100 f t .  (945 m) to 3600 f t .  (1097 m) 
s u c c e s s i v e l y .  However ,  no s i m i l a r i t y  e x i s t s  between E-29 and H- 
30 on one hand and 6 - 33  and P-53 on the o th e r  ( F i g .  1 6 ) .  This  
l a c k  o f  c o r r e l a t i o n  could be a t t r i b u t e d  to the f a c t  t h a t  the 
sediments in the two groups o f  boreholes  were d e po s i t e d  in d i f ­
f e r e n t  envi ronments  or  d e r i v e d  from d i f f e r e n t  source rocks as 
w i l l  be d iscussed in more d e t a i l  in Chapter  V I .  U n f o r t u n a t e l y ,  
no a ppa re nt  s i m i l a r i t y  o f  c o r r e l a t i o n  c o - e f f i c i e n t  e x i s t s  between 
the r e s t  o f  the b o r e h o l e s .
B i o l o g i c a l  C o r r e l a t i o n
B i o l o g i c a l  c o r r e l a t i o n  is based w h ol l y  on spores and 
p o l l e n s .  M i c r o f a un a  d id not  produce s a t i s f a c t o r y  r e s u l t s .
Changes in the env i ronment  o f  d e p o s i t i o n  from mar ine to t r a n s i ­
t i o n a l  to c o n t i n e n t a l  put  l i m i t s  on the d i s t r i b u t i o n  o f  m ic r o ­
f auna.
Pa ly no l ogy  proved less  dependent  on envi ronment  and was 
h e l p f u l  as an a i d  to c o r r e l a t i o n  and as an age d e t e r m i n a t o r .
In the Mackenzie Basin p a l y n o lo g y  is  used f o r  r e g i o n a l  and l o c a l  
c o r r e l a t i o n .  In t h i s  resear ch  i t  was used f o r  gross c o r r e l a t i o n  
alone  because only  long ranging forms grouped in assemblages or  
zones are a v a i l a b l e  in l i t e r a t u r e .  As discussed in Chapter  I I I  
the Taglu Member f a l l s  near  the top o f  the Pesavi  s t a g ! u e n s i s
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zone named by A u s t i n  and Gumming (1976» 1 9 77 ) .
C o r r e l a t i o n  o f  Gamma-ray Logs
Gamma-ray log serves as an e x c e l l e n t  too l  f o r  l o c a l  and 
r e g i o n a l  c o r r e l a t i o n  o f  rock u n i t s .  I t  can be used to I d e n t i f y  
s ev e r a l  d i f f e r e n t  l l t h o l o g l e s  such as bi tuminous s h a l e ,  s h a l e ,  
clean sandstone,  sha ly  sandstone,  c a lcareous  sandstone,  s l l t s t o n e  
and c o a l .  With e x p e r i e n c e  r e c o g n i t i o n  of  the response o f  the log 
to d i f f e r e n t  l l t h o l o g l e s  becomes s t r a i g h t f o r w a r d  unless mica 
and f e l d s p a r  are p r e s en t  In  abundance to a f f e c t  the l o g .  Radio­
a c t i v e  I sot opes  o f  v a r i ous  e l e m e n t s , e s p e c i a l l y  potassium 4 0,
a f f e c t  the response o f  the gamma-ray lo g ,
Gamma-ray log measures the r a d i o a c t i v i t y  of  the r ock-  
forming m i n e r a l s .  This measurement I s  recorded In API u n i t s .  
Bituminous sha le  and coal  show the h i g h e s t  read ing and c lean  
sandstone the l o w e s t .  R a d i o a c t i v e  m in e r a l s  seem to be a s so c i a t e d  
c l o s e l y ,  In g e n e r a l ,  w i t h  g r a i n  s i z e :  the s m a l l e r  the gr a i n  s i z e
the h i g h e r  the API r e a d i n g ,  and the c oa r se r  the sediment  the lower  
the r e a d i n g .  This  remarkable  a s s o c i a t i o n  wi t h  g r a i n  s i z e s  was 
demonstrated I n  F i gur e  12.
The Taglu Member w i t h  I t s  l l t h o f a c l e s  shows a d i s t i n c t  
gamma-ray response.  T h e r e f o r e ,  I t  was r e l a t i v e l y  easy to  
c o r r e l a t e  I t  from one boreho le  to a no th er  w i t h i n  the Mackenzie  
Basi n.  C loser  to the edge o f  the b a s i n ,  f a c i e s  changes occur  
and here o t h e r  c o r r e l a t i o n  techniques  had to be used.
A p p l i c a t i o n  o f  C o r r e l a t i o n  Methods
C o r r e l a t i o n  o f  the Taglu Member and the o v e r l y i n g  "Unnamed 
Shale"  in the re se ar ch  area  was f i r s t  accompl ished r e g i o n a l l y
5 1 .
by US: in  g se t  sm tc p r o f  t l  es , U n f o r t u n a t e l y  o n l y  t  ia- i  > se tsm t  c 
c r os s^ s e c t t o n s  v^ere p e r m i t t e d  by the o p e r a t i n g  companies to be 
p u b l i sh e d tn t h i s  r e p o r t .  However,  more setsmtc c r o s s - s e c t i o n s  
and p r o f i l e s  were a v a i l a b l e  and i n  f a c t  t h e y  c o n t r i b u t e d  a 
l a r g e  volume of  data  on c o r r e l a t i o n  and s t r u c t u r a l  f ramework  
o f  t he  Mackenzie B as i n .  This  c o r r e l a t i o n  provided a general  
knowledge about the l a t e r a l  e x t e n t  and the approximate  depth 
of  t he  Taglu Member over  a wide area w i t h i n  the b a s i n .  This  
knowledge was f u r t h e r  improved by c o r r e l a t i n g  the major  sediment ­
a r y  c y c l e s  of  the T e r t i a r y .  C o r r e l a t i o n  of  the sedimentary  
c y c l e s  would ,have not  been accompl ished w i t h o u t  the help of  
s e i smi c  d a t a .  The se di me nt ary  c y c l e s  prov ided b e t t e r  i n f o r m a t i o n  
r e g a r d i n g  the depth of  the  Taglu Member,  e s p e c i a l l y  where seismic  
r e f l e c t i o n s  are poor ,  and to I t s  gross f a c i e s  change.
Trace elements c o r r e l a t i o n  was a t t empt ed  In  t h a t  p a r t  of  
t he  second sedimentary  c y c l e  o f  the Taglu G-33 w i t h i n  which the  
Tagl u Member Is  p r e s e n t .  This  c o r r e l a t i o n  did not  c o n t r i b u t e  
s u b s t a n t i a l l y  to s o l v i n g  t he  problems s i nc e  only  Six  boreholes  
were used and the t r a c e  e lements  used proved u n r e l i a b l e  f o r  f i n e  
c o r r e l a t i o n .  They showed,  however,  t h a t  t h e r e  Is b e t t e r  c o r r e ­
l a t i o n  between YaYa P-53 and Taglu G-33 on one hand and between 
La ng le y  E-29 and N i g l i n t g a k  H-30 on the o t h e r  as f a r  as the  
Taglu Member Is  concerned ( F i g .  1 6 ) .
A f t e r  using the above ment ioned gross c o r r e l a t i o n  methods 
an a t t e m p t  was made to c o r r e l a t e  the l l t h o f a c l e s  of  the Taglu  
Member and i t s  e q u i v a l e n t s .  T h e r e f o r e ,  a d e t a i l e d  i n t e r p r e t a t i o n  
of  the d e p o s i t i o n a l  env i r onment  of  the  type s e c t i o n  of  the Taglu  
in Taglu G-33 was made and l.t was concluded t h a t  t h i s  member 
r e p r e s e n t s  the r ecord o f  two d e l t a i c  c y c l e s .  L l t h o f a c l e s  1 and
52 .
2 ( F i g .  7) r e p r e s e n t  the lower  cy cl e  and l l t h o f a c l e s  3 and 4 
r e p r e s e n t  the upper c y c l e .  Fu r th er mo re ,  Shawa e_t. a l . , ( 1 9 7 4 )  
s t u d i e d  the envi ronment  o f  deposi ton o f  the rock u n i t  which con­
s t i t u t e s  a l a r g e  p a r t  o f  the Taglu Member,  as a complete d e l t a i c  
sequence.  This sequence I n c l u de s  a p r o d e l t a ,  d e l t a  f r o n t ,  
d i s t r i b u t a r y  mouth b a r ,  and the f l u v i a l  channels  o f  the Upper  
d e l t a  p l a i n .  This sed i me nt ary  cyc l e  I n d i c a t e s  t h a t  the rock  
sequence which c ont a i ns  the Taglu Member shows l a t e r a l  coa rse n­
ing o f  g r a i n  s i z e  in ,a s o u t h e r l y  d i r e c t i o n  and a f i n i n g  In a 
n o r t h e r l y  d i r e c t i o n  suggests a genera l  source area to the south .
This was f u r t h e r  suppor ted by the genera l  c o n f i g u r a t i o n  o f  the  
Mackenzie Basin as I n d i c a t e d  by se i smi c  p r o f i l e s .  Based on 
t h i s  background,  a s e d l m e n t o l o g l c a l  model f o r  the Taglu Member 
was c o n s t r u c t e d .  This  model I s  based on p r e s e n t - d a y  knowledge 
ob ta i ne d  on the l a t e r a l  and v e r t i c a l  d i s t r i b u t i o n  of  l l t h o f a c l e s  
w i t h i n  d e l t a  complexes as r e p o r t e d  by F i s h e r  e t .  a l . , 1969;
Coleman and G a g l l a n o ,  1964;  A l l e n ,  1970;  and Brown and F i s h e r ,
1976.  D e l t a  l l t h o f a c l e s  become t h i n n e r  and c o a r se r  gra ined  
toward the d e l t a  apex.^ A l s o ,  the sandstone to shale  r a t i o  
becomes h i g h e r  In t h i s  d i r e c t i o n .  Appl y i ng  t h i s  model on the  
Taglu Member one would e xpe ct  to e ncounter  a t h i n n e r  I n t e r v a l  
and a h i g h e r  sandstone to sha le  r a t i o  toward the south ,  s out h­
e ast  or  southwest .  In t h i s  d i r e c t i o n  one would a lso  expect  a 
coarseni ng In g r a i n  s i z e  demonstrated by the sedimentary  cycl e  
discussed above,  accompanied by a change In envi ronment  to one 
more dominated by f l u v i a l  processes.  Having t h i s  model In  
mind and using the above discussed g r o s s - c o r r e l a t l o n  methods,  
c o r r e l a t i o n  o f  the Taglu l l t h o f a c l e s  was accompl ished ( F i g s .
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of  a d i s t i n c t  zone in the upper p a r t  o f  the Aklak Member j u s t  
below the lower  c o n t a c t  o f  the Taglu Member. This  zone cons is t s  
o f  sandstone i n t e r v a l s  r anging in  t h i ck ne ss  between 40-100 f t ,  
( 1 2 - 30  m) t h a t  are r e p e a t e d l y  i n t e r b e d d e d  w i t h  s h a l e .  The sand­
stone i n t e r v a l s  show an upward i n c re a se  In g r a i n  s i z e  from very  
f i n e  to f i n e  or  medium. T h e i r  upper c on t a c t  w i t h  the o v e r l y i n g  
shale  is  u s u a l l y  a b r u p t .  These sandstone i n t e r v a l s  show very  
c l e a r l y  on most gamma-ray l o g s .  Toward the south t h i s  c h a r a c t e r ­
i s t i c  zone o f  the upper Akl ak  becomes less d i s t i n c t .
FIGURE 20
S Y M B O  L e x p l a n a t i o n
5 7 .
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CHAPTER V 
SEDIMENTOLOGY OF THE TAGLU MEMBER
Sandstone composi t ion and t e x t u r e  o f  the Taglu Member 
v a r i e s  from p l ace  to p l a c e .  I t s  gener a l  c o m po s i t i o n ,  however ,  
is very s i m i l a r  to t h a t  o f  the Ak l ak  Member which was s t u d i e d  
by Young ( 1 9 7 5 ) .  The s i m i l a r i t y  i n  composi t ion between the two 
members makes i t  d i f f i c u l t  to  d i f f e r e n t i a t e  one from the o t h e r .  
One hundred t h i n  s ec t i o ns  were examined f o r  t h i s  r e se a r c h .
Out o f  these t h i n  s e ct i ons  72 were p o i n t  counted using an average  
of  250 p o i n t s  per  t h i n  s e c t i o n .  The r e s u l t s  were t a b u l a t e d  on 
s p e c i a l  forms which are not  enc losed in t h i s  r e p o r t .  These 
r e s u l t s ,  however ,  are summarized in  Appendix B.
The amount o f  publ i sh ed  p e t r o l o g i c  work on the Taglu  
Member is  n e g l i g i b l e .  The f o l l o w i n g  is a d e s c r i p t i o n  and a n a l y ­
s is  o f  the pr imar y  rock p a r t i c l e s  and t h e i r  cement ing m a t e r i a l .  
Primary rock p a r t i c l e s  were i d e n t i f i e d  in t h i n  s e c t i o n  and the  
cementing m a t e r i a l s  were i d e n t i f i e d  both in  t h i n  s e c t i o n s  and by 
E l e c t r o n  Scanning Microscopy.
Based on i t s  composi t ion the Taglu sandstone can be c l a s s ­
i f i e d  as q u a r t z  a r e n i t e  and s u b l i t h a r e n i te ( F i g .  2 1 ) .  Only a 
minor p a r t  o f  the sandstone can be c l a s s i f i e d  as f e l d s p a t h i c  
a r e n i t e .  «
P e t r o lo g y
Pr imary Rock P a r t i c l e s : The Taglu Member c o ns is t s  pr e do mi n an t ly
of  q u a r t z ,  c h e r t ,  f e l d s p a r ,  rock f r a g me n ts ,  micas,  and opaque 
accessory m i n e r a l s .
Quar tz  : One o f  the most abundant  pr imary  rock p a r t i c l e s  o f
59
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Ftgure 21  ^ C lasstftcstton dtsgrsm s&owtng ttie ra t to  of s t i tc a  to rook fragments to feldspar tn the Taglu MemBer.
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the Tagl u Member is  q u a r t z .  I t  comprises 19 to 56% of  the rock  
( F i g .  22)  and is p r e s e n t  as m o n o c r y s t a l l i n e  and p o l y c r y s t a l l i n e  
t y p es .  The former  type is  by f a r  the most abundant and i t  
d i s p l a y s  s t r a i g h t  to s l i g h t l y  or  s t r o n g l y  undulose e x t i n c t i o n .
The l a t t e r  type is f i n e l y  or  c o a r s e l y  c r y s t a l l i n e  ( g r e a t e r  than  
5 c r y s t a l s  u n i t s  per  g r a i n ) .  P o l y c r y s t a l l i n i t y  in q u a r t z  was 
observed in the l a r g e r  than f i n e  s i z e  g r a i n s .  Q u a r t z i t e  is  p r es en t  
in  minor  amounts as g r anu l es  and pebbles o f  which no t h i n  s e ct i on s  
were p re p a r e d ,  in the very  f i n e  s i z e  and s i l t  g r a in s  only  mono- 
c r y s t a l l i n e  qu ar t z  was obser ved .  The absence o f  u n d u l o s i t y  in  
these f r a c t i o n s  could be a t t r i b u t e d  to the f a c t  o f  b r ea ki ng  down 
o f  p o l y c r y s t a l l i n e  g r a i n s  to i n d i v i d u a l  c r y s t a l s .  A r e l a t i o n ­
ship a l s o  e x i s t s  between undulose e x t i n c t i o n  and g r a i n  s i z e .  
Anderson and Picard  ( 1 97 1)  found t h a t  n o n- un d u l a t o r y  e x t i n c t i o n  
g e n e r a l l y  incr eased w i t h  a decrease in g r a i n  s i z e  e s p e c i a l l y  in  
the s i l t  f r a c t i o n .
I n c l u s i o n s  in q u a r t z  are  p r e s e n t  i n  smal l  q u a n t i t i e s .  They 
c o n s i s t  o f  vacuoles and m i c r o l i t e s .  These i n c l u s i o n s  can be 
found in  a l l  types o f  q u a r t z  and in a l l  s i z e  o f  g r a i n s .  The 
most abundant  m i c r o l i t e s  c o n s i s t  o f  a p a t i t e  f o l l o w e d  by z i r c o n .  
I l l i t e  c r y s t a l s  are a l so  p r e s e n t  o c c a s i o n a l l y  in q u a r t z  g r a i n s .
Corrosi on and r e p l ac e me nt  are  common phenomena in the q u a r t z  
of  the Taglu Member. The l a r g e r  gr a i ns  show less c o r r o s i o n .  Some 
o f  the c o r r os i on  is  p r ob ab ly  the r e s u l t  o f  o p t i c a l  i l l u s i o n  ( F o l k ,  
1964)  where smal l  areas o f  the carbonate  cement o v e r l a p  the edge 
o f  the q u a r t z  g r a i n .
The average g r a i n  s i z e  o f  the q u a r t z  d i f f e r s  from place to  
p l a c e .  I t  ranges from 3 . 5  0 to 1*0 0.  Most g r a ins  are subrounded 
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F i gur e  22  ^ Diagram showing p e r c en t  d i s t r i b u t i o n  of  
q u a r t z  and c h e r t  in the Taglu Member.
62.
g r a in s  are  e q u i d im e ns io n a l  or  s l i g h t l y  e l o n ga t ed  and s t r o n g l y  
e l o n ga t ed  q u a r t z  was observed o c c a s i o n a l l y .  Some q u a r t z  g r a in s  
e x h i b i t  s i l i c a  overgrowth and dust  rims ( P l a t e  I I ) .  In some 
cases the overgrowth was formed a f t e r  d e p o s i t i o n  due to an 
i n c r e a s e  in the overburden pr es sure  as i n d i c a t e d  by the pressure  
s o l u t i o n  phenomenon ( P l a t e  I I I )  where the c o n t a c t  between 
g r a i ns  is  concavo-convex.
Cher t  : L i ke  q u a r t z  c h e r t  is  one o f  the most dominant
m i n e r a l s  i n  the sandstones o f  the Taglu Member. I t  comprises 
11% to 62% o f  the rock ( F i g .  22)  and is p r e se nt  in t hr e e  t y pe s .  
One type c o n s i s t s  of  aggregates  o f  equ i d ime ns io na l  c r y s t a l s  
t h a t  could be very  f i n e l y ,  f i n e l y  or  c o a r s e l y  c r y s t a l l i n e  ( P l a t e  
I V ) .  The second type occurs as a f r a c t u r e  i n - f i l l  in q u a r t z ,  
and the t h i r d  type occurs as cement.  The f i r s t  type is  the most 
w i d e l y  d i s t r i b u t e d  and the t h i r d  type is very  r a r e .  Chert  g r a i n s  
of  the f i r s t  type are the pr oduct  o f  reworking from an o l d e r  
s ediment ary  source .  Hence ,  they are useful  in d e t e rmi n i ng  the  
source areas o f  the Taglu sandstones .
The aggregat e  c r y s t a l s  o f  c h e r t  are p r e dom in an t l y  equant .
In a few cases ,  however ,  the c r y s t a l s  are e l o n g a t e d .  Not a l l  
c h e r t  is pure s i l i c a ;  a l a r g e  volume o f  i t  c o n s i s t s  of  a very  
impure a g g r e g a t e .  S i l t ,  o r g a n i c  m a t t e r  and mica are the most 
abundant i m p u r i t i e s  ( P l a t e  V ) .  The impure c h e r t  is  brown and in  
some cases a lmost  b l ac k  and opaque.  A few impure c h e r t  gr a ins  
e x h i b i t e d  narrow bands o f  pure c h e r t  running across the gr a i n  
( P l a t e  V ) .  Small  s e r i c i t e  c r y s t a l s ,  some of  which e x h i b i t  a 
p a r a l l e l  o r i e n t a t i o n ,  were seen o c c a s i o n a l l y  in  the pure c h e r t  
( P l a t e  V I ) .  When s e c r i c i t e  is  p r e se nt  in abundance the g ra in  was 
i d e n t i f i e d  as a metamorphic rock f ragment .
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Plate I I  -  Si l ica overgrowth (a) on a quartz grain.
Notice dust rim (b) between grain and the 
overgrowth as seen in thin sections. 375X, 
H-30 at 3600-3640 f t .
Plate I I I  -  SEM photomicrograph showing pressure
solution phenomenon (a) between two grains 
2000X, H-30 at 3200-3220 f t .
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Plate IV - SEM photomicrograph showing the surface of 
a chert grain which consists of many individual 
crysta ls . 5000X, 0-14.
Plate V -  Thin section photograph showing impure chert 
grain (a) with narrow bands of pure chert 
running across the grain. Small flakes of mica 
(b) are present occasionally in some chert grains, 
375X, 0-14 a t 1802 f t .
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The average g r a i n  s i z e  o f  c h e r t  ranges from 2 . 0  0 to 1.25  
0.  They are subrounded and rounded e s p e c i a l l y  the s m a l l e r  
s i z e s .  Cher t  seems to be s o f t e r  than q u a r t z  and f e l d s p a r .  These 
two m in e r a l s  i n d e n t  c h e r t  where high compaction is observed.
Most o f  these c h e r t  g r a i ns  are e qu i d i me ns io na l  or  s l i g h t l y  
e l o n g a t e d .  The s l i g h t l y  e l on g at ed  g r a i n s  show signs o f  s t r e t c h ­
ing where the i n d i v i d u a l  aggregate  c r y s t a l s  are s t r e t c h e d .
F e l d s p a r : Both p l a g i o c l a s e  and o r t h o c l a s e  are pr es en t  in
most t h i n  s e c t i o n s  in q u a n t i t i e s  always less than 8 %. The amount  
o f  a u t h i g e n i c  f e l d s p a r  in the t h i n  s e c t i o n s  was a lmost  n i l  and 
in many cases t o t a l l y  absent .  P l a g i o c l a s e ,  as a r u l e , ,  is  more 
abundant  than o r t h o c l a s e  and seldom shows signs o f  w e a t he r i ng .  
U n l i k e  q u a r t z ,  f e l d s p a r  is  not  r e p l a c e d  by the carbonate  cement.  
The d i s t r i b u t i o n  of  f e l d s p a r  in  the  Taglu Member sandstone is  
almost  uni form in c o n c e n t r a t i o n .  M i c r o c l i n e ,  in s p i t e  o f  i t  
being more r e s i s t a n t  than the r e s t  o f  the f e l d s p a r ,  is present  
only  in a few samples.
P l a g i o c l a s e  was i d e n t i f i e d  w i t h  c e r t a i n t y  in t h i n  sect i ons  
i f  i t  showed t w i n n i n g .  Untwinned p l a g i o c l a s e  is e a s i l y  mistaken  
f o r  q u a r t z  or  o r t h o c l a s e  and some g r a i n s  were. .probably counted 
as such.  Fresh p l a g i o c l a s e  does not  e x h i b i t  i n c l u s i o n s  and the 
s l i g h t l y  weathered g r a in s  show specks o f  s c a t t e r e d  du st .
The average g r a i n  s i z e  of  f e l d s p a r  ranges from 3 .0  0 to 1.5  
0.  G e n e r a l l y ,  they are  subrounded and e q u i d i m e n s i o n a l . O r tho­
c la s e  is b e t t e r  rounded than p l a g i o c l a s e .  Grains of  the l a t t e r  
are more a ng u la r  in some t h i n  s e c t i o n s .
Rock Fragments: Most t h i n  s e c t i o n s  cont a i n  less than 15%
rock f ragments which c o n s i s t  m a i n l y  o f  sedimentary  and metamorphic  
c l a s t s .  V o l c a n i c  rock f ragments are  r a r e  or absent ,  Metamorphic
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rock f ragments a r e ,  g e n e r a l l y ,  more common in the coar ser  s i z e  
f r a c t i o n s  o f  the Taglu Member. They a r e ,  however ,  found in 
ever y  examined b o re h o l e .  Sedimentary  rock f ragments on the  
o t h e r  hand are more common in the f i n e r  s i z e  f r a c t i o n s .
The average s i z e  range o f  rock f ragment  is  between 2 .0  
0 and 1 .0  0.  They are u s u a l l y  s l i g h t l y  l a r g e r  than the s ur r ou nd ­
ing gr a i ns  and in a l l  cases b e t t e r  rounded r e g a r d l e s s  o f  t h e i r  
s i z e .
Mi c a : Both muscovi te  and b i o t i t e  are p r e s e n t  and c o n s t i t u t e
less  than 10% o f  sample components.  Muscovi te  does not  show 
any signs of  a l t e r a t i o n  and is  p r e se nt  in smal l  and l a r ge  
c r y s t a l s .  P l a t e  V I I  shows a smal l  c r y s t a l  o f  muscovi te  between 
q u a r t z  overgrowth and the s u r f a c e  of  a q u a r t z  g r a i n .  Muscovi te  
as w e l l  as the b i o t i t e ,  e s p e c i a l l y  the l a r g e  c r y s t a l s ,  show 
e f f e c t  o f  compaction in those p laces where c r y s t a l s  are deformed  
around the g r a i n s .  This phenomenon was observed in the n o r t h e r n  
and western p a r t  of  the re se ar ch  area where the Taglu sandstone  
e x h i b i t s  a high degree of  compact ion.  Muscovi te  is a s so c i a te d  
m ai n l y  w i t h  the f i n e r  s i z e  f r a c t i o n s .  I t  is by f a r  the dominant  
mica m i n e r a l .  B i o t i t e  shows signs o f  a l t e r a t i o n  and in a few 
pl aces  i t  is  a l t e r e d  to c h l o r i t e  or  k a o l i n i t e .
Along the edge o f  the bas in  and toward the e a st e r n  and 
southern l i m i t s  o f  the re se ar ch  area muscovi te i s  repr es ente d  
by very smal l  s e r i c i t e  c r y s t a l s  t h a t  can be mistaken f o r  i l l i t e ,  
but  toward the nor th and n o r t h w e s t ,  t h a t  is toward the deeper  
p a r t  o f  the b a s i n ,  s e r i c i t e  becomes c o a r s e r .  This phenomenon 
is  r e l a t e d  to depth of  b u r i a l .  These smal l  c r y s t a l s  of  muscovi te  
are g e n e r a l l y  p r e se nt  in a p r e f e r r e d  o r i e n t a t i o n  around the o t h e r  
g r a i n s .  They are seldom p e r p e n d i c u l a r  to o t h e r  g r a i n s .
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Plate VI -  Thin section photograph showing s e ric ite  
crystals (a) in a chert grain in the upper 
part and a quartz grain replaced by dolomite 
(b) 375X, 0-14 a t 1470-1480 f t .
Plate V II -  SEM photomicrograph showing a small crystal 
of muscovite [a) among quartz overgrowth. 
lOOOX, G-33 a t 8374 f t .  Minera l  in cent re  
i s  c h l o r i t e .
6 8 .
Opaque and Accessory M i n e r a l s : These are found in a l l  sand
s i z e  f r a c t i o n s  o f  the Taglu Member. The opaque gr a ins  c o n s i s t  
of  p y r i t e  and o r g an i c  f ragments  i n c l u d i n g  coal  c h i ps .  F e r r i c  
oxide - h e m a t i t e  s t a i n i n g  is  found c oa t in g  sand g r a i n s .  The 
o r g a n i c  f ragments are b l ac k  or  very  dark brown. They are con­
c e n t r a t e d  in t h i n  l a m i n a t i o n s  or  s c a t t e r e d  t h r ou g ho u t .  Opaque 
g r a i ns  c o n s t i t u t e  less than 8% o f  the t h i n  s e c t i o n s .
The accessory  mi ne r a l s  c o n s i s t ,  c h i e f l y ,  o f  d e t r i t a l  d o l o m i t e  
g r a i n s ,  d e t r i t a l  p a r t i c l e s  and to a l e s s e r  degree u n i d e n t i f i e d
m i n e r a l s  which seem to be the pr oduct  o f  a l t e r a t i o n .  The d e t r i t a l  
do l om i t e  i s  r i c h  in i r o n  as can be concluded from s t a i n i n g  by 
potassium f e r r i c y a n i d e .  They c o n s t i t i t e  less than 1% o f  the t h i n  
s e c t i o n s .  The do lomi te  is  o f  d i a g e n e t i c  o r i g i n ,  having r e p la c e d  
1 i mes t o n e .
Cement: The c r y s t a l l i z i n g  m a t e r i a l  which p r e c i p i t a t e s  c h e m i c a l l y
from s o l u t i o n s  in the rock pores is r e f e r r e d  to as cement.  I t  is  
dependent  on the miner a logy  and g r a i n  s i z e  o f  the host  d ep o s i t  
as w e l l  as on the composi t ion o f  the s o l u t i o n s  in the pores.
Cement could form e a r l y  w i t h i n  the s e d i m e n t / w a t e r  i n t e r f a c e  a t  
normal c o n d i t i o n s  o f  pressure  and te mp era tur e  or  l a t e  a f t e r  
b u r i a l  o f  the sediments .  E a r l y  cement is u s u a l l y  c l o s e r  to the  
g r a i n s ,  w h i l e  the l a t e r  type f i l l s  the r e s t  o f  the pore space.
Both types o f  cement are p r e s e n t  in  the Taglu Member and c o n s i s t  
of  d o l o m i t e ,  c a l c i t e ,  s i d e r i t e ,  s i l i c a ,  and c l a y s .  The cement  
c o n s t i t u t e s  no more than 25% o f  the t h i n  s e c t i o n  and in many 
cases much l e s s .  I d e n t i f i c a t i o n  o f  the cement was accompl ished  
by a p é t r o g r a p h i e  microscope and by scanning e l e c t r o n  microscopy.  
Two scanning e l e c t r o n  microscopes were used du r i ng  the course o f  
s tudy;  one is  an I C I  model I I ,  and the o t h e r  a Cambridge 600
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w i t h  an X - r a y  energy d i s p e r s i v e  u n i t  g i v i n g  e lement  spectrums.
Cementat ion is  the most i m p o r t a n t  process in  reducing  
the p o r o s i t y  in  sandstone by occupying the pores and in r educing  
p e r m e a b i l i t y  o f  the rock by r e s t r i c t i n g  pore t h r o a t s .
Polomi te  : the most abundant  cement by f a r  is d o l o m i t e .  I t
is  anhedral  and euhedra l  in form c o n s i s t i n g  o f  l a r g e  and very  
smal l  c r y s t a l s .  In l a r g e r  pores the euhedral  do l omi te  is p r e s e n t  
showing one s i n g l e  o r i e n t a t i o n ,  and in the s m a l l e r  pores the 
anhedral  type is  more common. Some po res ,  however ,  e x h i b i t  both  
t y p e s .  M n c e  does n-o4- or-ys-t a l4 4-z-e -fr-owv-^e-a- wa t e r - 04f:
wou-14  ooH-el-u-d-e Ura-t i4 -  W-&& f  or me d Ta-te i-n- t# e  dia g e n e t  i c h-i-s-to-ry  
-e f tbe- sa-n-ds4^-e-. The do l om i t e  is  both f e r r o a n  and n o n - f e r r o a n .  
The f e r r o a n  c o n s i s t s  always o f  smal l  c r y s t a l s .  The i d e n t i f i c a ­
t i o n  of  both types i s  based on the s t a i n i n g  o f  t h i n  sect i ons  w i t h  
potassium f e r r i c y a n i d e  s o l u t i o n .  The i r o n - d e f i c i e n t  do lomi te  
does not  s t a i n ,  w h i l e  the i r o n - r i c h  v a r i e t y  s t a i n s  deep,  dark  
b l u e .
The c r y s t a l  s i z e  and the abundance o f  do l omi te  cement v a r i e s  
from place to p l a c e .  C r y s t a l  s i z e s  range from m i c r o c r y s t a l l i n e  
to m a c r o c r y s t a l l i n e  and the amount o f  cement is i n v e r s e l y  
p r o p o r t i o n a l  to t h a t  o f  the c l a y - s i z e  m a t r i x .  The d i s t r i b u t i o n  
o f  do lomi te  is e r r a t i c ,  however ,  i t  i ncr eases  towards the e a s t e r n  
l i m i t  o f  the re se ar ch  a r e a .  Dolomi te  cement is  c o n t r o l l e d  to a 
l a r g e  degree by the envi ronment  o f  d e p o s i t i o n  and i t  w i l l  be 
discussed in more d e t a i l  in  c h a p t e r  V I I .  I t  c o n s t i t u t e s  up to 
26% o f  a n y t h i n  s e c t i o n .
Dolomi te cement occurs in t h r e e  d i f f e r e n t  s t a t e s .  One,  i t  
may be forming a t h i n  zone around g r a i n s ,  two,  in  places i t
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r e p l a c e s  p a r t  of  tb.e g r a t a  e s p e c t a l l y  th a t  o f  q u a r t z ,  and t h r e e ,  
t t  may he pery!^as:tye ., -m-a-Rt-ng- t-he- >roGR.^ G-ement  sHj-ppwted , The 
t h i r d  s t a t e  of  do l omt t e  c o n s t a t s  of  f e r r o a n ,  t h t s  is  the more 
common, and n o n - f e r r o a n  [ P l a t e  V I T t l .  In a lmost  a l l  t h t n  s e c t i o n s  
d o l o m i t e  cement was observed repTactng q u a r t z  g r a t n s .  In 
s e v e r a l  p l aces  the r e p l ac e me nt  i s  we l l  advanced as shown in P l a t e  
( V I )  where a l a r g e  p a r t  o f  t he  q u a r t z  g r a i n  was r e p l ac ed  by 
d o l o m i t e .
C a l c i t e : The o n l y  type  of  c a l c i t e  observed i n  t h i n  s e c t i o n s
is  n o n - f e r r o a n .  This i d e n t i f i c a t i o n  is based on s t a i n i n g  t e c h ­
n i q u e s .  The t h i n  s e c t i o n s  were s t a i n e d  w i t h  A l i z a r i n  Red S 
which s t a i n s  the n o n - f e r r o a n  and f e r r o a n  c a l c i t e  d i f f e r e n t  shades |
o f  red and p u rp l e  depending on the c o n c e n t r a t i o n  of  i r on  in the  
c a l c i t e .  C a l c i t e  cement c o n s t i t u t e s  up t o  15% of  the t h i n  
s e c t i o n .  I t  c o n s i s t s  of  l a r g e  and very smal l  c r y s t a l s .  The 
moderate occurrence o f  c a l c i t e  i n d i c a t e s  t h a t  i t  has been r e ­
p laced by do l om i t e  du r i ng  b u r i a l .  C a l c i t e  cement main ly  occurs  
in patches o f  m a c r o c r y s t a l l i n e  s i z e s  e x h i b i t i n g  one s i n g l e  
o p t i c a l  o r i e n t a t i o n  ( P l a t e  I X ) .
S i d e r i t e : S i d e r i t e  cement was found i n  the medium,  coarse
and very  coarse s i z e  f r a c t i o n s  which are r i c t  in coal  c h ip s .
I t  c o n s i s t s  o f  brown, m i c r o c r y s t a l l i n e  or  amorphous m a t e r i a l  
c o a t i n g  the sand p a r t i c l e s  ( .Plate X ) .  I t  could be mistaken f o r  




Plate V I I I  - Thin section photograph showing non-ferroan 
dolomite cement (a) around many quartz and 
some chert crystals and ferroan dolomite 
(Blue) near the centre of the pore. 375X, 
0-14 a t 1460-1480 f t .
Plate IX -  One large crystal of non-ferroan ca lc ite  (red) 
in a pore as seen in a thin section. 375X, 
0-14 at 1470-1480 f t .
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O c c a s i o n a l l y  s i d e r i t e  cement is  s e g r e g a t e d ,  forming smal l  patches  
in  pore spaces.  I t  c o n s t i t u t e s  l es s  than 8 % of  the t h i n  s e c t i o n  
and i t  is d i s t r i b u t e d  t hroughout  the r esear ch  a r e a .  In p laces  
s i d e r i t e  forms nodules or  is s e g r e g at e d  in t h i n  beds 2 - 3  cm t h i c k .  
The nodules vary  from sand to pebble  s i z e  as was observed in  
core samples ( P l a t e  X I ) .  Some s i d e r i t e  cement was a l t e r e d  to i r o n  
oxide changing i t s  o r i g i n a l  c o l o r  to ve ry  dark brown which coats  
the g r a i n s .
S i l i c a : Some q u a r t z  g r a in s  e x h i b i t  secondary overgrowth of
s i l i c a  w i t h  the same o p t i c a l  o r i e n t a t i o n  o f  the o r i g i n a l  g r a i n .
The secondary overgrowth is  p r e s e n t  in  two s tages;  one c ons is t s  
o f  smal l  secondary rhombohepdral  c r y s t a l s  growing on a l a r g e r  
g r a i n  of  q u a r t z  ( P l a t e  V I I )  and the o t h e r  is a more advanced 
s i l i c a  overgrowth which is e n l a r g i n g  the o r i g i n a l  q u a r t z  and 
forming s t r a i g h t  boundar ies  ( P l a t e  I I ) .  Quartz  overgrowth  
s t a r t s  as numerous i n c i p i e n t  c r y s t a l s  on q u a r t z  g r a i n s .  These 
u l t i m a t e l y  merge i n t o  one l a r g e r  c r y s t a l  o f  overgrowth.  S i l i c a  
overgrowth c o n s t i t u t e s  up to 7% o f  the t h i n  s e c t i o n  and is  mainly  
found where the Tagl u is a t  a g r e a t e r  depth and hear  the  depo­
s i t s  onal  edge o f  the sandstone in the n o r t he r n  and we st ern  p a r t  
o f  the research a r e a .
could
The o r i g i n  o f  si  1 i ca  /  -bp the r e s u l t  o f  pressure s o l u t i o n  
(Waldschmidt ,  1941)  which d i s s o l v e s  q u a r t z  a t  c on t a c t  p o i n t s  of  
g r a i n s .  S i l i c a  a ls o  may have formed from s o l u t i o n  o f  the f i n e r  
q u a r t z  p a r t i c l e s  in the m a t r i x  between g r a i ns  as p o in t e d  out  by 
G o l d s t e i n  ( 1 9 4 8 ) .  Decomposi t ion o f  a l t e r a t i o n  o f  s i l i c a t e  is  
a no th er  source f o r  the s i l i c a  overgrowth (Pye ,  1 9 44 ) .
The p r e s s u r e - s o l u t i o n  phenomenon is not  advanced in the
73.
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Plate X -  Thin section photograph showing amorphous 
sider i te  coating (a) the sand part icles.  
375X, D-27 at  3900-4000 f t .
Plate XI -  Photograph of a conventional core sample 
showing a sider i te nodule near centre,  
size 1:1,  0-55 at 10442 f t .
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Taglu sandstone;  few cases o f  convex-concave g r a i n  contacts  
were observed .  This phenomenon,  which is  produced by high o v e r ­
burden pr essure  could have been r e s p o n s i b l e  f o r  the s i l i c a  
overgrowth in the Taglu Member o f  the Taglu F i e l d  because the  
member is here a t  a g r e a t  depth .  The presence o f  n a t u r a l  gas 
in  sandstone h or i z on  pr ev ent s  p r e c i p i t a t i o n  o f  chemical  cement  
such as s i l i c a  in rock pores (F i i ch t ba ue r ,  1961;  P h i l i p p  ejt. al  . , 
1 9 6 3 ) .  This  could e x p l a i n  the low percent age  o f  s i l i c a  o v e r ­
growth in the Taglu gas producing boreholes G- 33 ,  P - 03 ,  and 
C-42 and i t s  r e l a t i v e  abundance in the dry Tagl u D-55 b o r e h o l e .
S i l i c a  overgrowth c o n s i s t i n g  of  smal l  q u a r t z  c r y s t a l s  must  
have had a d i f f e r e n t  o r i g i n  than pressure  s o l u t i o n .  I t  does 
not  seem to c o r r e l a t e  wi t h  overburden pr essure  s ince  i t  is  found 
in a lmost  every  borehole  r e g a r d l e s s  o f  depth or  the presence o f  
n a t u r a l  gas.  I t  w i l l  be d i scussed in more d e t a i l  i n  Chapter  V I I ,
Cl ays : A u t h i g e n i c  c l a y  m i ne r a l s  r e p r e s e n t e d  in the Taglu
Member are k a o l i n i t e ,  c h l o r i t e  and i l l i t e .  They do not  c o n s t i ­
t u t e  more than 14% o f  t h i n  s e c t i o n s  and are p r e s e n t  in every  
borehole  and every  l i t h o f a c i e s .  A u t h i g e n i c  c lays  form as a r e s u l t  
of  p r e c i p i t a t i o n  from s o l u t i o n  presumably a t  or  near  the depo-  
s i t i o n a l  i n t e r f a c e ;  hence ,  they  are a v a l u a b l e  t oo l  in d e t e r m i n i n g  
the env i ronment  o f  d e p o s i t i o n .  They p r e c i p i t a t e  on gra ins  but  
not  on do lomi t e  or  c a l c i t e  cement except  in  r a r e  cases where 
i l l i t e  was seen on c a l c i t e .
Besides a u t h i g e n i c  c l a y s ,  d i a g e n e t i c  c l ay s  and d e t r i t a l  
c l a y  p a r t i c l e s  are a ls o  p r e s e n t  a l though in minor  q u a n t i t i e s .  
D i a g e n e t i c  c lays are the pr od uc t  o f  rep lacement  where a d e t r i t a l  
g r a i n  such as muscovi te can p a r t i a l l y  or  c o m p l e t e l y  be rep l ac ed
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by k a o l i n i t e .  A lso t h i s  type o f  c l a y  can r e p l a c e  a u t h i g e n i c  
c l a y  as is  the case o f  i l l i t e  r e p l a c i n g  k a o l i n i t e  ( Mi l  l o t ,
1 9 70 ) .  D e t r i t a l  c lay  p a r t i c l e s , o n  the o t h e r  h a nd , a re  I n h e r i t e d  
from the source area and were de po si t ed  w i th  the r e s t  of  the sand 
p a r t i c l e s .  They are d i f f i c u l t  to i d e n t i f y  in  t h i n  s ect ion  and 
have no env i ronme nt a l  s i g n i f i c a n c e ,  hence,  they were d i sr ega rde d  
and cons id ere d as accessory m i n e r a l s .
I d e n t i f i c a t i o n  o f  a u t h i g e n i c  c lays was based on composi t ion  
and morphology.  A u t h i g e n i c  c lays are o f  pure composi t ion ( K e l l e r ,  
1970)  and have uni form c o l o r  and t e x t u r e  (Lerbekmo ,  1961) .  They 
are monomi nera l ic  u n l i k e  the o t h e r  c lays which are  g e n e r a l l y  a 
m i x t u r e  o f  two or  more c l a y s .  Morphology is  a very r e l i a b l e  
c r i t e r i o n  f o r  the i d e n t i f i c a t i o n  of  a u t h i g e n i c  c lays  (Wi lson  
and P i t t m a n ,  1 9 7 7 ) .  This type o f  c l ay  e x h i b i t s  c r y s t a l l i n e  
h a b i t s  w i th  obvious c r y s t a l  o u t l i n e s  (Smithson and Brown,  1 9 5 4 ) .
A u t h i g e n i c  c lays in the samples examined occur  as pore 
l i n i n g  or pore f i l l i n g .  C h l o r i t e  and i l l i t e  occur  as pore l i n i n g  
and k a o l i n i t e  as pore f i l l i n g .  I l l i t e  a lso  formed shards a t t a c h e d  
to the s u r f a c e  o f  a g r a i n  and extended to a no th er  making a b r i d g e ­
l i k e  c o nn ec t io n .
K a o l i n i t e  is  a common a u t h i g e n i c  mi ner a l  w i t h  r e l a t i v e l y  
coarse c r y s t a l s  which are v i s i b l e  in t h i n  s e c t i o n  ( P l a t e  X I I )  
and are i d e n t i f i e d  r e a d i l y  by a scanning e l e c t r o n  microscope.
These c r y s t a l s  c o n s i s t  o f  a f a c e - t o - f a c e  s t a c k i n g  o f  p l a t es  
r e f e r r e d  to as book le ts  ( P l a t e  X I I I ) .  K a o l i n i t e  has very low 
b i r e f r i n g e n c e  except  when i t  is  s t a i n e d  by i r o n .
C h l o r i t e  1s very  v a r i a b l e  in form.  I t l o c c u r s  as r o s e t t e s  . 
( P l a t e  X IV)  or  honeycomb. In t h i n  s ec t i o ns  c h l o r i t e  pore l i n i n g  
is  u s u a l l y  obvious due to i t s  green c o l o r ,  e s p e c i a l l y ,  , .
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Plate XI I  -  Thin section photograph showing authigenic 
kaol ini te (a) f i l l i n g  a pore between quartz 
grains. 375X, 0-14 at  1700-1800 f t .
i
Plate X I I I  -  SEM photomicrograph showing booklets of 
kaol ini te (a) in pores and on si l i ca  
overgrowth (b).  lOOOX, G-33 at 8495 f t .
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i f  i t  i s  t h i c k .  I t s  occurence in the Taglu Member is  l i m i t e d .
I l l i t e  because o f  i t s  h i g h e r  b i r e f r i n g e n c e  is easy to d e t e c t  
i n  t h i n  s e c t i o n s .  I t  occurs as l a t h - l i k e  p r o j e c t i o n s  or  as 
p l a t e s  ( P l a t e  XV) .  I t  is  the most common c la y  mi ne ra l  in the Tagl u  
s a n ds t o n e s .
The g e n e r a l l y  low percent age  o f  a u t h i g e n i c  c l a y  minera ls  in  
the sandstones o f  the Taglu Member could be a t t r i b u t e d  to the 
presence o f  m a t r i x  between the sand gr a i ns  (Wi lson and P i t t m an ,  
1 9 7 7 ) .  Samples w i t h  high m a t r i x  cont ent  are u s u a l l y  very low in  
c l a y  c o n t e n t .  &r  a i #  -JSrwe- -s-eema- te- b-e a-n-e-t-he r  f e e to r  tR e t ee-n-t -roT-s 
t h e i r  44-s t N -b u t i  on . The g o  a-r -ee-r t# e  ^ a -i-n-s- the- b-i-ghe-r T& the  G-Tay 
GO n t e n t .
Order  o f  Cement: From t h i n  s e c t i o n  and scanning e l e c t r o n
microscopy i t  is  r e v e a l e d  t h a t  carbonate  cement may have been 
formed as e i t h e r  e a r l y  or  l a t e .  Dolomi te  wh-i-o# o-r4-g-4-n-a44y 
wee- ca l c i te  er- a-r e goni te - i-s ob s e r v e d , wr  eom-e p4-a Is ,  forming  
a r im around the pr imary  g r a i n s .  S i d e r i t e  may have the same 
r e l a t i o n s h i p .  In some cases d o l o m i t e ,  s i d e r i t e ,  and c a l c i t e  
are observed growing on c r y s t a l s  o f  o t h e r  cement ing m a t e r i a l .
S i l i c a  cement is  almost  always observed as an overgrowth on q u a r t z  
g r a i n s .  This type of  s i l i c a  cement must have been formed as an 
e a r l y  cement because i t  grows d i r e c t l y  on the gr a i ns  which have 
not  been compacted.  However ,  in deeper  boreholes  where compac­
t i o n  is e v i d e n t  and pressure  s o l u t i o n  phenomenon is  observed 
s i l i c a  cement may have p r e c i p i t a t e d  as a l a t e r  cement.
Clay m i n e r a l s  such as k a o l i n i t e  and c h l o r i t e  may have been 
formed as an e a r l y  or  l a t e  cement .  Under the scanning e l e c t r o n  
microscope k a o l i n i t e  is  observed to have grown over  a quar tz  
overgrowth or  a d j a c e n t  to i t  on the same g r a i n  in  places where
78
Plate XIV - SEM photomicrograph showing rosettes of
chlor i te growing on the surface of the grain. 
lOOOX, D-55 at  10409 f t .
Plate XV - SEM photomicrograph showing l a t h - l ik e  
projections of i l l i t e  growing around quartz 
grains (a) and over the s i l i ca  overgrowth 
(b).  lOOOX, 0-14 a t 1470-80 f t .
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no overgrowth i s  p r e s e n t .  Where k a o l i n i t e  is  a s s o c i a t e d  wi th  
c h l o r i t e  the f or mer  is  always formed over  the l a t t e r .  C h l o r i t e  
is seen in t h i n  s e c t i o n s  as g r a i n  c o a t i n g  but  samples viewed 
under the scanning e l e c t r o n  microscope reve a l  c h l o r i t e  forming I
over  q u a r t z  o ve r gr o wt h ,  s ugg es t i ng  t h a t  c h l o r i t e  may have been 
formed as an e a r l y  or  l a t e  cement.  I l l i t e , o n  the o t h e r  h a n d ,  is 





CHAPTER VI  
ENVIRONMENTS OF DEPOSITION
A v a i l a b l e  l i t e r a t u r e  on the d e p o s i t i o n a l  envi ronments o f  
the Taglu Member or  i t s  e q u i v a l e n t s  is  very  s c a r c e .  Shawa e t .
a l . (1974)  i n t e r p r e t e d  the envi ronment  o f  d e p o s i t i o n  o f  the Tagl u 1Member encountered in the Taglu G-33 borehole  o n l y .  Bowerman y
and Coffman (1975)  i n f e r r e d  the d e p o s i t i o n a l  envi ronments o f
the Tagl u and o t h e r  u n d e r l y i n g  rock u n i t s  in  the Taglu Gas F i e l d .  -
■IThe l ac k  o f  documented and comprehensive s t u d i e s  on t h i s  member
stems m ai n l y  from the d i f f i c u l t y  o f  c o r r e l a t i n g  i t  from one
boreho le  to a n ot h e r ,
d e p o s i t i o n a l 1 y ê
The Taglu Member forms a sandstone wedge w h i c h / t h i n s  in a
n o r t h er n  d i r e c t i o n  ( F i g .  2 3 ) .  The decrease in t h i ck ne ss  is
accompanied by a decrease in g r a in  s i z e  and a change in f a c i e s
from p r e dom in an t l y  sandstone to p r e dom in an t l y  s h a l e .
The Eskimo Lakes Arch as w e l l  as the high Brooks Range and
R ichardson Mountains e x i s t e d  throughout  the Paleogene (Young
e t . a l . ,  1976)  to the p r e s e n t .  A marine bas in was l o c a t e d  a t  |
the n o r t h e r n  edge o f  these s t r u c t u r a l  e lements (Young ejt. al  . ,
1976; Lerand ,  1 9 7 5 ) .  This  i m p l i e s  t h a t  the s t r u c t u r a l  s e t t i n g
o f  the Mackenzie D e l t a  has remained a lmost  unchanged s ince  the
s t a r t  o f  the T e r t i a r y .  On the evidence o f  p o l l e n  assemblages
S t a p l i n  ( 1 97 6)  concluded t h a t  the c l i m a t i c  c o n d i t i o n s  dur i ng
Eocene and Miocene t imes were temperate  to cool t e m p e r a t e ,  J
c o n s i d e r a b l y  warmer than a t  p r e s e n t .
The Taglu Member in i t s  type s e c t i o n  is  d i v i d e d  i n t o  two
main sequences.  The lower  sequence c ons is ts  o f  l i t h o f a c i e s
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CONTOUR INTERVAL 100 FEET (30METRES)
Eigure 23 - Net sandstone isopach o f  the Taglu Member. Cl -  100 f t
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and "4" ( F i g .  7 ) .  Each sequence shows a g e n e r a l l y  upward-  
coar seni ng  cy cl e  o v e r l a i n  by one or  more u p w a r d - f i n i n g  cyc l es  o f  
t e r r i g e n o u s  m a t e r i a l .  The v e r t i c a l  changes in g r a i n  s i z e  can 
be observed on the gamma-ray log which corresponds very c l o s e l y  
to g r a i n  s i z e  p r o f i l e s  as i n d i c a t e d  in Chapter  IV.  Environments  
which each produces c o ar se ni ng  upward sequences are d e l t a s  
( F i s k ,  1955;  F r a z i e r ,  1967;  F i s h e r  and Brown, 1972;  Coleman and 
G a l i a n o ,  1964;  and many o t h e r s ) ,  o f f - s h o r e  bars or  b a r r i e r  i s ­
lands (Bernard ej t . , 1 9 7 0 ) .  There a r e ,  however,  s e ve r a l
c r i t e r i a  t h a t  p e r mi t  the d i s t i n g u i s h i n g  o f  d e l t a s  from o f f - s h o r e  
bars and b a r r i e r  i s l a n d s .  The upper p a r t  o f  a d e l t a  sequence 
shows evidence o f  a l o w- ene rg y  envi ronment  ( M i a l l ,  1976)  and 
o f t e n  d e p o s i t i o n  by d i s t r i b u t a r y  c ha n ne l s .  On the o t h e r  hand an 
o f f s h o r e  bar  or  b a r r i e r  i s l a n d  f r e q u e n t l y  shows ev idence o f  a 
h i g h - e n e r g y  envi ronment  ( M i a l l ,  1976)  such as a beach or  a s hor e-  
face  and,  in the case o f  a b a r r i e r  i s l a n d ,  the top o f  the s e ­
quence is e o l a i n  which is  a lmost  devoid o f  c lays ( Le B l a n c ,  1 9 7 7 ) .  
Moreover ,  d e l t a  d e p o s i t s  are  r i c h  in  carbonaceous m a t t e r  t h r o u g h ­
o u t ,  c on t a i n  minor amounts o f  g l a u c o n i t e  ( S e l l e y ,  1975)  and a 
few f o s s i l s .  O f f s ho r e  bars or  b a r r i e r  i s l a n d s ,  on the o t h e r  hand,  
are poor in carbonaceous m a t t e r ,  ex ce pt  in t h e i r  lower  p a r t ,  
r i c h  in g l a u c o n i t e  ( S e l l e y ,  1975)  and,  g e n e r a l l y  s pe ak i ng ,  con­
t a i n  more f o s s i l s  than d e l t a  d e p o s i t s .  Growth f a u l t s  and mud 
d i a p i r s  are  a s s o c i a t e d  w i t h  d e l t a  d e po s i t s  and have not  been 
r e p o r t e d  in any o t h e r  e nv i r onm ent .  This  type of  f a u l t s  and the  
mud d i a p i r s  are a s s o c i a t e d  w i t h  the Taglu Member in the re se ar ch  
a r e a .
Each o f  the two sequences in  the Taglu type s e c t i o n  r e p r e ­
sents a r e g r e s s i v e  phase o v e r l a i n  by a t r a n g r e s s i v e ; from s ha le  and
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s i l t  to sandstone back to s h a l e  and s i l t ,  Thts  y e r t t c a l  change 
Wt t ht n  a sequence t s  c h a r a c t e r i> t t c  o f  many d e l t a s  [ F t s h e r ,  e t .  
a l . ,  1969;  Gould ,  1970; î f r tg h t  and Coleman, 1 973%, The v e r t i c a l  
change is  a ls o  accompanied by^  a l a t e r a l  change tn f a c i e s  from 
sand to sha le  as can be seefî on any down dtp s e c t i o n  through  
any d e l t a i c  d e p o s i t .  The Taglu tlem ber shows t h i s  l a t e r a l  change 
in  f a c i e s  [ f i g .  231.
The c h a r a c t e r i s t i c  f e a t u r e s  discussed above s t r o n g l y  suggest  
the  presence of  a d e l t a i c  d e p o s i t  in  the type  s e c t i o n  o f  the  
Taglu Member as w e l l  as in the  gener a l  r es ea r ch  a r e a .  Scruton  
( 1 960 )  and Coleman and Ga gl i ano (1 964 )  i n d i c a t e d  t h a t  two main 
phases can be d i s t i n g u i s h e d  in d e l t a i c  d e p o s i t s .  One is  con­
s t r u c t i o n a l  and l o c a t e d  i n  the  lower  p a r t  formed by the p r o g r a d ­
a t i o n  o f  l a n d - d e r i v e d  sediments and the o t h e r  i s  d e s t r u c t i o n a l  
making up the  upper p a r t  o f  the d e l t a .  The l a t t e r  phase is  the  
product  of  r ework ing by waves ,  t i d e s ,  storms or  o t h e r  c u r r e n t s  
w i t h i n  the d e p o s i t i o n a l  b a s i n . J n t h e  Taglu G-33 o n ly  the c o n s t r u c ­
t i o n a l  phase is  observed.  This  suggests t h a t  the d e l t a i c  d e p o s i t  
of  the type s e c t i o n  i s  f l u v i a l l y  dominated and t h a t  mar ine i n f l u ­
ence is mi nor .  According to F i s h e r  (1 968 ,  1969)  a f l u v i a l l y  dom­
i n a t e d  d e l t a  is to be c l a s s i f i e d  as h i g h l y  c o n s t r u c t i o n a l .
H i g h l y  c o n s t r u c t i v e  d e l t a s  produce a l o b a t e  or  e l o n ga t e  
d e l t a  morphology.  The prograded lobes o f  a d e l t a  w i th  a high  
sediment  i n f l u x  such as the M i s s i s s i p p i  form in deeper  w a t e r .
The we ig ht  o f  the sand d e p o s i t e d  tn the p r o d e l t a  on t h i c k  mud 
causes compact ion of  the mud and t r i g g e r s  the  f o r m a t i o n  o f  mud 
d i a p i r s  ( f jorgan , 19681 and growth, f a u l t s  ( Bruce ,  1 973;
D a i l l y ,  19.76),  In s h a l l o w e r  w a t e r  where mud is r e l a t i v e l y  
t h i n  the  d e po s i t ed  d e l t a  sand ts  more s u s c e p t i b l e  to wave a c t i o n
8 4 .
or storms between f l o o d  t imes and p a r t  o f  i t  could be worked 
by marine processes forming t h i n  beach or  s t rand l i n e  d e p o s i t s .
The energy l e v e l  o f  the basin c o n t r o l s  t h i s  minor d e s t r u c t i v e  
phase in  the h i g h l y  c o n s t r u c t i v e  d e l t a .  Sandstones are  the  
s k e l e t a l  f ramework o f  a d e l t a i c  d e p o s i t ,  t h e r e f o r e ,  ne t  sand­
stone maps pr o v i d e  a t r u e  p i c t u r e  o f  d e l t a  morphology.  F i gure  
( 2 3 )  which shows the d i s t r i b u t i o n  o f  n e t  sandstone t h i ck n es s  
suggests t h a t  the Taglu D e l t a  belongs to the e l o n g a t e  t y pe .
Two e l on g at ed  lobes are mapped in  the v i c i n i t y  of  6 - 3 3  and E-29  
b o r e h o l e s .
B a r e l i  ( 19 12 )  d e f i n e d  a d e l t a  as a d ep o s i t  p a r t l y  s u b a e r i a l  
and p a r t l y  subaqueous ,  b u i l t  by a r i v e r  i n t o  a body o f  w a t e r .
For the sake o f  s i m p l i c i t y  the s u b a e r i a l  p a r t  w i l l  be r e f e r r e d  
to in  t h i s  r esear ch  as the upper d e l t a  and the p a r t  under w a t e r  
as the lower  d e l t a .  The upper d e l t a  cont a ins  d i s t r i b u t a r y  
ch an ne l s ,  s p lay  d e p o s i t s ,  and i n t e r d i s t r i b u t a r y  bays or  marshes.  
The lower  d e l t a  c ont a ins  d i s t r i b u t a r y  mouth bars and the p r o d e l t a .  
The f o l l o w i n g  are the envi ronments w i t h  the d e l t a i c  d e p o s i t  t h a t  
are r e pr e s e n t e d  in  the Taglu Member. These envi ronments are  
r e f e r r e d  to in f i g u r e s  24 through 31 f o r  the boreholes  along the  
g e o l o g i c  c r o s s - s e c t i o n s  and the r e s t  are  l i s t e d  in Appendix C,
D i s t r i b u t a r y  Channel Deposi ts
These d epo si t s  are the product  o f  h i g h l y  c o n s t r u c t i v e  d e l t a s  
( F i s h e r  ejb. , 1 9 6 9 ) .  They are formed by streams wi t h  l a r g e  
q u a n t i t i e s  o f  suspended sediments r i c h  enough in mud and s i l t  to  
c o n s t r u c t  levees (Brown and F i s h e r ,  1 9 7 6 ) .  The sand is  t r a n s ­
p or te d  in the d i s t r i b u t a r y  channel  as bed l o ad ,  hence channel  
de po s i t s  are very s i m i l a r  to f l u v i a l  d e p o s i t s ,  and in  places
8 5 .
Fig.  2 4 Stratigraphie Section Reindeer D-27
(for symbols see Fig, 20)
G A M M A -  R A Y -XV)
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F i g .  27 Strat igraphie Sect ion Unipkat 1-22(for symbols see Pig. 20)
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even percussi on marks are  pr e se n t  on the pebbles [ P l a t e  X V I i  
found in  them. But the process o f  d e p o s i t i o n  i s  of  much s h o r t e r  
d u r a t i o n  than t h a t  o f  f l u v i a l  channels due to gradual  channel  
subs idence.  Fisk [ 1 9 5 5 ) ,  F r a z i e r  [ 1 9 6 7 ) ,  F i s h e r  and Brown 
[ 1 9 72 )  d es cr ibe d d i s t r i b u t a r y  channel  d e p o s i t s  in d e t a i l .  These 
u s u a l l y  have an e r o s i o n a l  [ P l a t e  X V I I )  or ve ry  sharp lower  con­
t a c t  and e x h i b i t  a f i n i n g  upward or  a un i f orm g r a i n - s i z e  sequence.
The sandstone of  the d e p o s i t  i s ,  g e n e r a l l y  s pe ak i ng ,  poor ly  
s or t e d  and may c o n t a i n  minor  g l a u c o n i t e .  An idea l  sequence con­
s i s t s ,  in  ascending o r d e r ,  o f  t rough cr oss- beds on medium s ca le  
t h a t  c o n t a i n  r i p - u p  c l a s t s ;  o c c a s i o n a l l y  c on vo l u t e  l a m i n a t i o n s  
are p r e s en t  and o v e r l a i n  by t rough cross- beds  on a s m a l l e r  s ca l e  
as w e l l  as t a b u l a r  c r o s s - b e d s .  R i p p l e  d r i f t  c r o s s - l a m i n a t i o n s  
are  sometimes o v e r l a i n  by le v ee  d e p o s i t s  o f  s h a le  and s i l t s t o n e .  
O c c a s i o n a l l y ,  c h a n n e l - f i 11,  l am ina t ed  mud r i c h  in o rga ni c  m a t t e r  
i s  d e p o si t e d  in abandoned channels and are  found on top o f  the  
sequence.  This env i ronment  is  r e p r e s e n t e d  in s e ve r a l  boreholes  
in the r e se ar ch  area [ F i g .  24 through 31 e xce pt  F i gur e  29) a lso  
see Appendix C.
I n t e r d i s t r i b u t a r y  Bay and Marsh
I n t e r d i s t r i b u t a r y  bay and marsh c o n s i s t  m ai n l y  o f  c l a y  
and s i l t  w i t h  occa si ona l  f i n e  sand brought  to t he  s i t e  of  
d e p o s i t i o n  by suspension d u r i n g  f l o o d  t i m e .  The sediments o f  t h i s  
envi ronment  are very r i c h  in carbonaceous m a t t e r .  I f  the i n t e r -  a
d i s t r i b u t a r y  bay and marsh is p oor ly  d r a i n e d  as i s  most ly  the  
case and i f  the c l i m a t e  is r e l a t i v e l y  w e t ,  carbonaceous m a t t e r  
accumulates in such a r e duc ing  env i ronment  and forms c o a l .  I f
mS
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Plate XVI -  Percussion marks on a chert pebble.
Core photograph scale 1:1,  C-42 at 9434ft.
Plate XVII -  Erosional contact (a) between pebbly
coarse-grained sandstone and an underlying 
fine-grained sandstone u n it. Core photograph 
scale 1:1,  G-33 at 8227 f t .
95 .
they are w e l l  d ra in ed  an o x i d i z i n g  envi ronment  p r e v a i l s  and no |
coal  i s  d ep o s i t e d .  Qui t e  o f t e n  a sp lay  d e p o s i t  forms in  the  
i n t e r d i s t r i b u t a r y  or  marsh env i r onme nt .  The sp l ay  which e x h i b i t s  
an upward coarsening g r a i n - s i z e  sequences resembles c l o s e l y  a 
d e l t a i c  d ep o si t  on a very  smal l  s c a l e  but  o f t e n  lacks  d i s t r i ­
b u t a r y  channel s ed iment s .  The s p l ay  is  formed in f r o n t  o f  a 
crevasse which is a cut  through the l evee  t h a t  s t a r t s  dur i ng |
f l o o d  t im e.  When the d i s t r i b u t a r y  channel  exceeds i t s  maximum
■Ic a p a c i t y  the wa te r  s p i l l s  over  the levee  and in  some places fi
cuts i t  down. The w a t e r  c a r r i e s  a l a r g e  load o f  suspended y
sediments e s p e c i a l l y  in the upper column of  the w a t e r .  These 
suspended sediments are d ep o si t ed  f i r s t  in the bay or  marsh 
e nv i r onment .  As channel  w a t e r  progresses in c u t t i n g  the crevasse 1  
deeper  more c oa r se r  sediments are brought  and d e po s i t ed  above the  
f i n e r  which are c h a r a c t e r i s t i c a l l y  r i p p l e d .  This produces an 
upward coarsening c y c l e  o f  p o o r l y  s or t ed  sediments r i c h  in c la y  
or s i l t  m a t r i x  and l ac k  b i o t u r b a t i o n . When the f l o o d  stage ends 
the s play  d e po s i t  stops growing ,  a l l o w i n g  s i l t  and c l a y  to be 
d e po s i t ed  on top o f  i t .  Splay de po s i t s  are o f t e n  u n d e r l a i n  or  
o v e r l a i n  by coal i f  the c l i m a t e  supports  lush v e g e t a t i o n .  Gas 
heaving s t r u c t u r e s  could a lso^be found %n t hese sediments t f  b i o ­
geni c  gas is produced from the decaying carbonaceous m a t t e r .  1
This envi ronment  is  r e p r es e n t e d  in s ev er a l  boreholes  ( F i g .  24 ,
28 ,  30)  a lso see Appendix C.
D i s t r i b u t a r y  Mouth Bar
The sand t r a n s p o r t e d  by the d i s t r i b u t a r y  channel  is  de po si t ed  






c o n s t r u c t i v e  d e l t a  only  a minor  p o r t i o n  of  t h i s  sand i s  r e d i s ­
t r i b u t e d  by marine pr ocesses .  The s a nd / s h a l e  r a t i o  is  no r ma l l y  
high in t h i s  env i ronment  and the sand could a t t a i n  a t h i ck ne ss  
measured in hundreds o f  meters depending on the s i z e  o f  the  
d i s t r i b u t a r y  channels and the r a t e  o f  subsidence in the b a s in .
The sand of  a mouth bar  which g e n e r a l l y  shows an upward coarsening
in g r a i n  s i z e  and c o nt a i n  minor  g l a u c o n i t e  is  u s u a l l y  c lean  and ^
w e l l  or  moder at e l y  s o r t e d  w i th  a minimum of  c l a y  and s i l t  m a t r i x  
making i t  an e x c e l l e n t  hydrocarbon r e s e r v o i r .  Basinward t h i s  
sand becomes f i n e - g r a i n e d  e x h i b i t i n g  r i p p l e s  ( P l a t e  X V I I I )  and 
grades i n t o  s i l t  and c l a y  which are r i c h  in carbonaceous m a t t e r .
The o u t e r  l i m i t  o f  t h i s  env i ronment  produces slump s t r u c t u r e s  
and convoluted beds and o f t e n  i t  is  b i o t u r b a t e d  ( P l a t e  X I X ) .
The process o f  d e p o s i t i o n  o f  the mouth bar  sand occurs both 
by l a t e r a l  t r a n s p o r t  and by s e t t l i n g  from suspension when 
wanning c ur r en ts  e n t e r  the b a s i n .  T h e r e f o r e ,  dominant  sedimen­
t a r y  s t r u c t u r e s  are here cross-beds and graded beds ( P l a t e  XX)
i f  marine processes are a t  minimum. S t r a t i f i c a t i o n  in the mouth |
bar  sand is  on medium or  l a r g e  s c a l e ,  but  basinward i t  is  on a 
s m a l l e r  s c a l e .  In places mud d i a p i r s  p e n e t r a t e  through the
mouth bar sand and in some cases even p e n e t r a t e  through the o v e r -
l y i n g  d i s t r i b u t a r y  channel  d e p o s i t .  The presence o f  p r o d e l t a
mud underneath the mouth bar  sand combined w i t h  l o ad i n g  can lead
to f a u l t s  or c o n t o r t e d  bedding ( P l a t e  X X I ) .  As d e l t a s  prograde  
seaward d i s t r i b u t a r y  channels advance and cut  the mouth bar  
d e po s i t  sometimes down to the p r o d e l t a  mud. R i v e r  mouth bars 
coalesce to form an e x t e n s i v e  subaqueous sand sheet  in f r o n t  o f  
the d e l t a .  This env i ronment  is  r e p r e s en t ed  in s e v e r a l  boreholes  
( F i g s .  25 through 31) a l s o  see Appendix C.
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Plate XV I I I  -  Core photograph, showing ripp le  cross-lamination 
fine-grained sandstone. Scale 1:1,  C-42 
at 9442 f t .
Plate XIX Boiturbation in fine-grained sandstone and 
s ilts to n e . The burrows are near v e rtic a l. 
Core photograph scale 1:1,  C-42 at 9504 f t .
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Plate XX -  Core photograph showing graded beds from very 
coarse-to medium-grained sandstone. Scale 1:1,  
C-42 at 9714 f t .
Plate XXI -  Contorted beds as shown in a core. This
deformation may have resulted from water escape 
due to compaction or gas escape, both while 
sediments were s o ft. Scale 1:1,  C-42 at 9497 f t .
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C u l m u l a t i v e  curves o f  g r a i n - s i z e  were o b ta i n ed  from d i s a g g r e ­
gated core samples and p l o t t e d  on p r o b a b i l i t y  paper as an e x t r a  
t o o l  f o r  env i ronmenta l  i n t e r p r e t a t i o n .  This  method of  re ad ing  
g r a i n - s i z e  c um ul a t iv e  curves was p u b l i c i z e d  by V i s h e r  ( 1 9 6 9 ) .
Based on e m p i r i c a l  r e s u l t s  i t  i s  g e n e r a l i z e d  t h a t  each major  
s ed i ment ary  envi ronment  produces s i m i l a r - l o o k i n g  c u m ul a t i v e  
cur v es .  But the c u m u l a t i v e  curves which were o b ta i n e d  from 
s e v e r a l  depo si ts  w i t h i n  the Taglu Member did not  always produce  
s i m i l a r - l o o k i n g  curves from the same envi ronment  ( F i g s .  32 and 
3 3 ) .  Where the se di me nta ry  s t r u c t u r e s  and g r a i n - s i z e  d i f f e r  
w i t h i n  a given envi ronment  the shape o f  the curve d i f f e r s  too.
P r of e ss or  E.K.  Wa l t o n ,  Dr.  W.E. Stephens ,  and on some occa­
sions my se l f  i n v e s t i g a t e d  a number o f  models on g r a i n - s i z e  cum­
u l a t i v e  cur ves .  I t  was concluded t h a t  i t  is d i f f i c u l t  and o f t e n
somei mp o s s i b l e  to i n f e r  s e d i m e n t a r y  processes o r / e n v i r o n m e n t s  from 
c u m u l a t i v e  g r a i n - s i z e  curves (see f i g .  32) .
Taglu D e p o s i t i o n a l  Basin
A complete d e l t a i c  sequence r e p r e s e n t s  a l l  o f  the e n v i r o n ­
ments discussed above s t a r t i n g  w i t h  d i s t r i b u t a r y  channels  on 
top and ending w i t h  p r o - d e l t a  mud. The c on ta c ts  between the  
l i t h o f a c i e s  of  a d e l t a i c  d e p o s i t  a re  always g r a d a t i o n a l  except  
t he  lower  c o n t a c t  o f  t he  d i s t r i b u t a r y  channe l .  As a d e l t a  
reaches i t s  c u l m i n a t i o n  due to exha us t i on  of  i t s  sediment  supply  
or  a s h i f t  in  the r i v e r  which s u p p l i e s  the s ed i me nt s ,  the d e l t a i c  
d e p o s i t  subsides p a r t l y  under i t s  own we ig ht  and by cont inuous  
r e g i o n a l  t e c t o n i c  movements.  When t h i s  happens mar ine wa te r  
advances over  the d e l t a i c  sand and d epo si t s  s h e l f  sediments on 
top o f  them. Of ten a n o t h e r  d e l t a i c  sequence i s . d e p o s i t e d  on
1 0 0 .
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F i g ur e  32 -  Cumulat ive  segmented curves r e p r e s e n t i n g  samples 
from the Taglu sandstone.  (A) are  samples from 
d i s t r i b u t a r y  c ha nne l ,  and [ B ) from mouth bar  de­
p o s i t s .  A1 samples is from G-33 a t  8194 f t . ,  81 
from C-42 a t  9454 f t . ,  and B2 from G-33 a t  8482 f t  
N ot ic e  s i m i l a r i t y  o f  curves A1 and B l .
1 0 1 .
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Figure 33 -  Cumulat ive  segmented curves r e p r e s e n t i n g  samples 
from the Taglu sandstone (A) are  samples from 
d i s t r i b u t a r y  c h a n n e l ,  and (B) from mouth bar  
d e p o s i t s .  A2 sample is from G-33 a t  8178 f t . ,  A3 
from G-33 a t  8391 f t . ,  and B2 from C-42 a t  9474 f t  
Not ic e  the d i s s i m i l a r i t y  of  A2 and A3.
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top o f  a prev ious  one (Coleman and G ag l i a no ,  1 9 6 4 ) .
Two such sequences are  p r e s e n t  in the Taglu Member. One 
sequence c o ns is ts  of  l i t h o f a c i e s  " 1 " and "2 " and the o t h e r  o f  a
l i t h o f a c i e s  "3" and " 4 " .  Each sequence r e p r es e nt s  an approx imate  |
t ime i n t e r v a l . |
'ît'Sandstone t h i c k ne s se s  o f  as much as 50 f t .  (15 m) ,  w i t h o u t  |
ishale  br eaks ,  t h a t  e x h i b i t  t rough cross-beds on a medium s ca le  |
and t h a t  have s e d i m e n t a t i o n  u n i t s  wi t h  a minimum t h i c k n e s s  o f  ^
two f e e t  ( 0 . 6  m) and do not  show many e r o s i o n a l  c on ta c ts  suggest  |
a cont inuous sediment  i n f l u x  dur i ng the d e p o s i t i o n  o f  the Taglu J
Member. The t h i ck ne s s  o f  the i n d i v i d u a l  l i t h o f a c i e s  which in a
•Iplaces reaches about  400 f t .  (122 m) a lso  i n d i c a t e s  t h a t  the r a t e
j
of  i n f l u x  in the lower  sequence was r e l a t i v e l y  h i g h .  This is  #
a lso supported by the presence o f  near  v e r t i c a l  burrows ( P l a t e  
X IX)  p-r oduced .o-r^ ani s# ^  w4m -g4i- .ke p t - pa-c-e- w4-tk - h t-gh- r-a-te- |
sad-W e n ta t -io f^. De l t a s  w i t h  a high r a t e  o f  sediment  i n f l u x  are  
f l u v i a l l y  dominated.  |
C ro s s - s e c t i o n  ( F i g .  34)  shows t h a t  gross t h i c k n e s s  of  the |
Taglu Member does not  change a p p r e c i a b l y  between D-27 and P-03 |
boreho les .  I t  a l so  shows t h a t  the p r o - d e l t a  and the mouth bar  
environments a t t a i n  a c o n s i d e r a b l e  t h i ckness  which i n d i c a t e s  
t h a t  the basin was c o n t i n u o u s l y  but  moder at e l y  s i n k i n g .  The 
u n de r l y i ng  coal  r i c h  Ak l ak  Member was i n t e r p r e t e d  as pa lu da l  and 
p a r t l y  upper d e l t a  by Young e jt . ( 1976) and the o v e r l y i n g
Taglu Member is  p r o d e l t a  and d e l t a  f r o n t  in i t s  l ower  p a r t .  This  
suggests t h a t  moderate subsidence occured a f t e r  the d e p o s i t i o n  
of  the Ak lak Member. The f a c t  t h a t  t h e r e  are two d e l t a i c  :|
sequences w i t h i n  the Taglu Member in  s e ve r a l  bore ho l es  f u r t h e r  
suggests moderate subsidence dur i ng the d e p o s i t i o n  of  the f i r s t '3
%
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Taglu sequence to p e r m i t  d e p o s i t i o n  o f  the second ( F i g .  7 ) .
The r a t e  o f  subsidence was high d ur ing  the d e p o s i t i o n  o f  l i t h o ­
f a c i e s  " 1 " ,  low dur ing the d e p o s i t i o n  of  l i t h o f a c i e s  "3" as 
i n d i c a t e  by t h e i r  t h i c k n e s s e s .  But the f a c t  t h a t  the "unnamed" 
shale  is  marine s t r o n g l y  suggests t h a t  the basin cont inued  
moderate subsidence a f t e r  Taglu d e p o s i t i o n .  Moderate subsidence  
and r e l a t i v e l y  high i n f l u x  of  sediments . prograde a d e l t a  b a s i n ­
ward f o r  a long d i s t a n c e .  This was demonstrated through a model  
c ons t r uc te d by Weimer ( 1 961 )  where he i l l u s t r a t e d  t h a t  r a t e  o f  
subsidence was s l i g h t l y  less than the degree o f  sediment  p r o ­
g r a d a t i o n  but  less  than the r a t e  o f  d e p o s i t i o n .  His model ranges  
in t h i ckness  from 1000-3000 f t .  ( 3 0 4 - 9 1 4  m).  In a no th er  depo­
s i t i o n a l  model c o n s t r u c t e d  by Brown (1969)  f o r  a s l ow l y  s ub s i d in g  
b a s i n ,  i l l u s t r a t e d  t h a t  r a t e  o f  subsidence is  much less than  
the degree o f  sediments p r o g r a d a t i o n  and a lso  less than r a t e  o f  
d e p o s i t i o n .  His model ranges between 100-300 f t .  (3 0 -9 1  m) and 
the sequence i s  u n d e r l a i n  and o v e r l a i n  by marine l i m e s t o n e .
Provenance
A genera l  decrease in  the Tagl u gr a i n  s i z e  toward the nor th  
coinc i des  w i th  a decrease in i t s  sandstone t h i ck ne s s  and a change 
in  l i t h o f a c i e s  from p r ed o mi n a n t l y  f l u v i a l  to p r e dom in an t l y  mar ine  
as shown on the s t r a t i g r a p h i e  s e c t i o n s  ( F i g s .  25 through 3 1 ) .
This suggests t h a t  the source area o f  the Taglu sediments was 
somewhere to the south or  s o u t h e a s t .  F igure  16 shows t h a t  the  
t r a c e - e l e m e n t  c ont ent  o f  Taglu G-33 and YaYa P-53 on one hand 
and Langley E-29 and N i g l i n t g a k  H-30 on the o t h e r ,  d i f f e r  g r e a t l y .  
The Taglu Member was d e po s i t e d  in the  same genera l  envi ronment  in
1 0 5 .
a l l  these ar eas .  Ig nor in g  p o ss ib le  e f f e c t s  of  d i a g e n e s i s ,  
v a r i a t i o n  in t r a c e - e l e m e n t  composi t ion must be the r e s u l t  of  
c o n t r i b u t i o n  from d i f f e r e n t  source.  Composi t ional  t r i a n g l e s  
( F i g s .  35,  36) show t h a t  the Taglu Member c ons is t s  mainly  
of  c h e r t  and q u a r t z  in some boreholes and predominant ly  of  
q u a r t z  in o t h e r s .  This could suggest  t h a t  the two sources 
which c o n t r i b u t e d ,  a t  l e a s t  in p a r t ,  to the sediment -budget  
were the Richardson Mountains where c he r t  is  abundant and 
the Eskimo Lakes Arch wi th  i t s  sedimentary core where qu ar t z  
is abundant .  These source a r e a s ,  are s i t u a t e d  to the south 
and southeast  of  the research area ( F i g .  4 ) .  Occasional  
presence of  v o l c a n i c  rock f ragments may i n d i c a t e  t h a t  a t h i r d  
sediment source ,  p o ss i b l y  we l l  to the south,  is not excluded.
The occurence of  c o a r s e - g r a i n e d  sediments in the Taglu  
Member i n d i c a t e s  t r a n s p o r t a t i o n  by high g r a d i e n t  r i v e r  systems 
a nd/ or  a r e l a t i v e l y  shor t  d i s t a nc e  t r a n s p o r t .  The composi t ion  
of  the conglomerate is  predominant ly  c he r t  which might  have 
been t r a n s p o r t e d  from R ichardson Mountains.
The presence of  coal in the upper p a r t  of  the Ak lak Member
106.
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and i t s  occas i ona l  presence in the Taglu Member i m p l i e s  lush  
v e g e t a t i o n  and an abundance o f  m o i s t u r e .  Presence o f  minor  
h ema t i te  c oa t i ng  o f  g r a i n  i n d i c a t e s  absence of  warm t r o p i c a l  
c l i m a t e .  Hemat i te  p r e c i p i t a t e s  a u t h i g e n e t i c a l l y  from the  
o x i d a t i o n  of  i r o n  r e l e a s e d  from i r o n - b e a r i n g  m i ne r a l s  ( W a l k e r ,  
1 9 67 ) .  NaCl or  p o s s i b l y  z e o l i t e ,  i s  observed on some sand 
gr a ins  ( P l a t e  X X I I )  in a couple o f  samples.  This may i n d i c a t e  
t h a t  minor  e v a p o r a t i o n  o f  mar ine w a t e r  may have taken p l ace  
suggest ing a warm t e mp er at ur e  c l i m a t e  dur ing or  i m m ed ia t e l y  
a f t e r  the d e p o s i t o r  o f  the Taglu sediments .  Trace elements  
a n a l y s i s  was not  c on c lu s i v e  enough to determine the p a l e o s a l -  
i n i t y .
From the above d i s c u s s i o n  one would conclude t h a t  a cool  
but o c c a s i o n a l l y  warm tempera t e  c l i m a t i c  c o n d i t i o n  p r e v a i l e d  
dur ing the d e p o s i t i o n  o f  the T a g l u .  This  c onc lus ion i s  f u r t h e r  
supported by S t a p l i n  ( 1 976 )  who suggest ed ,  as based on p o l l e n  
e v i d e n c e ,  t h a t  a temperate  or  cool  temperate  c l i m a t e  p r e v a i l e d  
dur ing the Eocene in the Mackenzie D e l t a  a r ea .
1 0 9 .
Plate XXI I  - SEM photomicrograph of NaCl or ze o lite  
forming a string of crystals on a quartz 
grain. H-30, compos i t  sample from interval 
3200-3230 f t .  lOOOX.
L
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CHAPTER VU  
DIAGENETIC HISTORY
The term diagenesis used in th is  research refers to a l l  the changes, 
physical and chemical, that are In it ia te d  in the sediments immediately a fte r  
th e ir deposition. Diagenesis could be accomplished by cementation, weather­
ing, a lte ra tio n , compaction, and solution of some minerals especially the less 
stable ones. The most important factors that control diagenesis are pressure, 4
temperature, chemistry of pore water, composition of sediments, and time.
Diagenesis can be c lass ified  into three major stages; eodiagenesis, mesodia- 
genesis, and telodiagenesis, using the Cho^^quette and Pray (1970) terminology. 
Eodiagenesis includes a ll the changes that take place at or near the surface 
under normal pressure and temperature and before the in i t ia l  pore water was 
squeezed out. Mesodiagenesis refers to the changes that take place during 
burial under higher temperature and pressure where ground solutions play an 
important role.  Telodiagenesis is  an advanced stage of diagenesis that takes 
place a fte r  u p lif t .  Mesodiagenesis is the most important stage for the pet­
roleum geologist because during th is  stage porosity reduction or its  devel­
opment takes place. Both eodiagenesis and mesodiagenesis are represented in 
the sediments of the Taglu Member.
Thin section study show th at the most abundant cement in the Taglu 1
sandstone is carbonate followed by s ilic a  then, to a lesser degree, authigenic 
clay minerals. Carbonate cement consists of several generations of dolomite 
both ferroan and non-ferroan, c a lc ite , and s id e rite . The f i r s t  generation 
of dolomite is non-ferroan found in contact with the grains in a l l  cases.
Where th is dolomite is abundant number of grain to grain contact is very low 
and the sandstone is'^cement supported suggesting very early  cementation be­
fore compaction. This generation of dolomite is  followed in some cases by 
either ferroan or non-ferroan dolomite. When the three generations of dolo­
mite are present in the same pore the second generaticn is always ferroan
A
m .
and the th ird  is non-ferroan. The th ird  type is more brownish than the f i r s t  
generation. Since dolomite is the product of replacement of c a lc ite , i t  is  
not known whether the three generations precipitated as c a lc ite  one a fte r  




a fte r  i t  was precip itated. The second case, however, is more plausible be- J
cause each generation shows irregu lar or interrupted outlines which may be é
interpreted as the resu lt of d issolution. Each type was precip ita ted , d is-
solved in whole or in part, then was dolomitized.
Dolomite, i f  present in small q u an tities , has e rra tic  d is trib u tio n . But 
where abundant i t  appears to be controlled by the environment of deposition. |
Dolomite is associated with the upper and lower part o f the mouth bar deposit 
as in P-53, F-28, E-29, 1-22, 0-54, C-42, D-27, and H-30 boreholes (Appendix 
D). I t  is absent or nearly so in the middle part of the same deposit. Dol­
omite is also associated, in large or moderate quantities with the d is tr ib u t­
ary channel and splay deposits as demonstrated in D-27, E-29, 1-22, and 0-14 
boreholes (Appendix D).
C alc ite , the second most abundant carbonate cement in the Taglu sandstone, 
is  always non-ferroan. I t  is generally found growing over dolomite. C a lc ite , 
l i ke  dolomite, is found in moderate or large quantities' in the lower and upper 
parts of the mouth bar deposit as can be seen in 0-54, H-30, C-42, E-29 and 
1-22 boreholes and in the d is trib u tary  channel deposit as in D-27, 1-22 and 
0-14 boreholes (Appendix D). I t  is almost absent in the middle part of the 
mouth bar and pre-delta deposits, except in one case where i t  was found in 
abundance in a pro-delta deposit in 0-54 borehole.
The high concentration of dolomite (o rig in a lly  c a lc ite ) and c a lc ite  in  
the lower and upper part of the mouth bar environments has been reported by 
Fisher e t . ^ .  (1969). Whelan I I I  and Roberts (1973) also reported high con­
centration of c a lc ite  cement in freshwater swamps associated with deltas.
Roberts and Whelan I I I  (.1975) found the same high concentration of c a lc ite  
in coarse transgressive sediments over marsh deposits. Splay and d is tr ib -
112 . j
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utary channel deposits are associated with swamp and marsh environments. #
Calcite cement in the Taglu precipitated in the pores from carbonate -  f
rich solutions. Marine water as well as calcareous shell fragments and det- 
r i ta l  limestone in the sediments provided a rich source of calcium carbonate.
In general, ca lc ite  is formed by three d iffe re n t processes; d ire c tly  
from sea water, in the mixing zone of fresh water and marine water, and in 
fresh water when marine sediments trangress over swamps, in te rd is trib u ta ry  $
bays, marshes or any other reducing environment. One of the most important
factors that controls the s o lu b ility  of calcium carbonate is the pH. As pH |
increases ca lc ite  s o lu b ility  decreases (Fig. 37) and when i t  reaches a cer- |
if
ta in  level ca lc ite  precipitates from sea water. COg enriched water has a low 
pH making i t  ac id ic. Upon the decay of organic matter in the sediments meth­
ane gas is  generated which in turn is  oxidized to produce COg and eventually
HCOg as indicated by these reactions:
CH^  + 20g -  COg + 2HgO
COg + HgO -  Hg CO3
Hg CO3 + HCO3
When these carbonaceous rich  sediments s ta rt to undergo compaction pore 
water is squeezed upward to the surface where pressure decreases. This de­
crease in pressure allows the COg to escape resulting in an increase in pH, 
hence the precip itation of c a lc ite . Also in the early stages of organic- 
matter-decay nitrogenous bases could be produced which also resu lt in an in ­
crease in pH level (Garrison and Luternauer, 1971), Calcite could also pre-
++c ip itate  from ground solutions supersaturated in Ca ions in the sediments 
a fte r b u ria l. Therefore, one would conclude that c a lc ite  could precip ita te  
at or near surface conditions as well as long a fte r  b u ria l. Fresh and mar­
ine waters are defic ien t in Fe^^ ions, therefore, iron must have come from
iron rich minerals in the sediments. As pressure and temperature increase 










1  =  Q) O-
O.JÇ•I— +J




• H “O5: c O nSJ=-to fO




o O O O o o O Oo O O O o o OK O CO CN
(w dd) A in m m o s
could ^
other Iron rich minerals. The leached iro n /t  _ precipitated with ca lc ite  to
form ferroan c a lc ite  i f  chemical and physical conditions are favourable for  
such reaction. Upon dolom itization th is  ca lc ite  becomes ferroan dolomite,
Evamy (1969) stated that the presence of ferroan carbonate cement sug­
gests diagenesis below the water ta b le . Marine water is defic ient in iron 
but ground solutions could be rich in i t .  Therefore, non-ferroan carbonate 
is expected to prec ip ita te  in the marine water environment or in an environ­
ment de fic ien t in iron.
When the Taglu sand was deposited c a lc ite  or aragonite cement formed 
well before compaction and immediately a fte r  deposition. I t  is  doubtful 
that th is c a lc ite  was in great enough abundance to f i l l  the en tire  pores sim­
ply because the CaCOg budget is lim ited  in any d e lta ic  environment and the 
in i t ia l  pore space is very large. The c a lc ite  could have been deposited as a 
rim of small crystals around the grains. The size of these crystals was pos- f  
sib ly  controlled by the time of c ry s ta lliz a tio n . The c a lc ite  must have been
4*+rich in Mg to promote its  do lom itization. In most samples the la t te r  do l-
omite is ferroan (Plate XXIV) and occasionally i t  is non-ferroan. A fter th is
stage of carbonate cementation dissolution took place to dissolve some or a ll
of the second generation of dolomite which is mainly ferroan and some of the
f i r s t  generation non-ferroan dolomite which formed a rim around the grains.
This conclusion is based on the observations that in many places the outer
outline of the f i r s t  generation of non-ferroan dolomite is  irreg u la r or that
the rim is broken on the same grain and that another cement such as kao lin ite
is present where the dolomite is  absent.
The small dolomite crystals of the f i r s t  generation carbonate cement
provided a substrate fo r the growth o f the second generatton of the ferroan ^
ca lc ite  which was la te r  dolomttized. A sim îlar in terpreta tion  was introduced
by Oldershaw (1971) in a study on Hal kin and Whnlock limestone of Great
B rita in  except in the la t te r  case c a lc ite  was growing on c a lc ite . Conse- i
quently non-ferroan c a lc ite  was deposited in the availab le pore space pro- -ê
115,
Plate XX I I I  -  Thin section photographs showing s id e rite  
cement [a) which replaced dolomite. Notice 
some bright dolomite crystals (b) remained 
unreplaced w ithin the s id e r ite . D-27,
125X
116.
Plate XXIV - Thin section photograph showing ferroan dolomite (blue) growing over non ferroan 
dolomite (very l i ght )  which coats the 
grains. D-27, 150X
n ? .
vided by carbonate dissolution.
S iderite  is the least common carbonate cement in the Taglu sandstone.
I t  is found in the splay, d is trib u ta ry  channel deposits and in a rare example 
in an upper mouth bar deposit (Appendix D), In a few th in  sections s id e rite  
was observed forming d ire c tly  on the grains suggesting an eodiagenetic stage.
I t  is  formed under reducing conditions in sediments rich in organics or with 1
iro n -rich  minerals such as p yrite  (B la tt e t. a l . ,  1972). I t  can also form in 
the mesodiagenetic or possibly in the telodiagenetic stages as a secondary 
mineral replacing c a lc ite . Both primary and secondary s id e rite  was observed 
in some of the examined thin sections. The f i r s t  type is  shown in Plate (X) 
and the second in Plate ( XX I I I ) .  In the second type the replacement was not 
pervasive and some c a lc ite  or dolomite crystals remained unreplaced.
S ilic a  cement in the Taglu sandstones was observed in abundance in sam­
ples collected from a depth in excess of 8000 f t .  (2438 m) where gas is ab­
sent. In these samples the quartz grains show a concavo-convex contact re­
lationship which is  an advanced form of a pressure solution phenomenon, I t  is  
also present in some examples in association with d is trib u ta ry  channels and j
pro-delta deposits as in C-42 and 0-55 boreholes (Appendix D). S ilic a  over- j
growths on quartz grains are d i f f ic u l t  to id en tify  in th in  sections, there- |Ifo re , i t  might not be detected. Scanning electron microscope examination, 1
however, revealed the presence of more s ilic a  than can be seen in thin sec- I
tions. The type of s ilic a  observed was quartz. No opaline s ilic a  was seen |
anywhere in the research area. J
S ilic a  cement in the Taglu sandstones forms only on quartz grains. In J
•Isamples viewed under the scanning electron microscope other cement such as 
ka o lin ite  (P late X I I I ) ,  i l l i t e  (P late XV), c h lo rite , and c a lc ite  or dolomite \j
were seen forming over the s ilic a  overgrowth. This may suggest that in cer­
ta in  examples s ilic a  is formed as a first.cem ent.
S ilic a  cement is formed in the three diagenetic stages. Since the t e l -
118.
odiagenetic stage is not represented in the research area only the f i r s t  two 
stages need be discussed. In the eodiagenetic stage s i l i ca  cement is derived 
from many sources such as solution of siliceous shale, decomposition of fe ld ­
spar (F o th e rg ill, 1955), solution of s ilic a  secreting organisms (Siever, 1957) 
or from riv e r water supersaturated with s i l ic a . B la tt e t . (1972) stated 
that s i l i ca  dissolves in r iv e r water in amounts ten times more than in marine 
water. Composition of r iv e r water is greatly  controlled by the composition 
of the rock i t  flows over or in f i l t r a te s  through. S ilic a  can also prec ip ita te  
d ire c tly  from sea water (Mackenzie and Gees, 1971). Therefore, i t  is con­
cluded from the above statements that eodiagenetic s ilic a  is expected, in a 
delta ic  sandstone, to form near the outer l im it  of the sandstone in the d ista l 
mouth bar environment where shale is  present in abundance (F ig . 38).  Fucht- 
bauer (1974) reached a s im ilar conclusion fo r the Buntsandstein and Dogger 
Beta sandstones. He stated that s i l i ca  cementation frequently increases to ­
ward shale beds. Upon the compaction of shale s ilic a  rich solutions migrate 
into the sand to deposit th e ir  load of s i l i c a .  In a d is trib u ta ry  channel 
environment a zone of mixing occurs where r iv e r  water rich  in s i l i c a ,  comes 
in contact with marine water. In th is  zone ionic exchanges take place and 
the pH level changes resulting in s ilic a  p rec ip ita tion .
S ilic a  cement could be derived from the decomposition of feldspar or 
from the replacement of quartz grains by dolomite. I t  could also be derived 
from pressure solution. The la t te r  is usually the most important source of 
s i l i ca  cement. Invoking Riecke's prin c ip le  for quartz when two quartz grains 
are in contact with each other and a stress is applied s ilic a  is dissolved 
a t the point of contact and is deposited at the lowest stress on the same 
grain. This dissolved s i l i ca  could also be transported in some cases by 
ground solution to be deposited somewhere else. Therefore, the stress phe­
nomenon could resu lt in s ilic a  overgrowths and grain to grain pressure 
solution on the same grain. Clay, carbonaceous matter or hematite coatings 
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are temperature, overburden or structural deformation, and t # e .  Pittman 
(1972) stated that fine-grained sandstone is more susceptible to pressure 
solution than coarse-grained sandstone.
Authigenic clay minerals in the Taglu sandstone are present in minor 
quantities and no comprehensive conclusion can be drawn from th e ir  d is t r i ­
bution. But because of th e ir  significance as environmental indicators th e ir  
genesis wi l l  be discussed in some d e ta il.  The only, authigenic clay minerals 
observed in thin sections or under the scanning electron microscope were kao­
l in i t e ,  i l l i t e  and c h lo rite .
Kaolinite was observed in some samples from the upper delta deposit. i
‘II t  is  a hydrous aluminum s ilic a te  that can be formed as a by-product of |
potash feldspar upon its  weathering and the removal of potassium -  a pro­
cess known as k a o lin itiza tio n  of feldspar which starts shortly  a fte r  depos­
it io n  (Packham and Crook, 1960). K aolin ite  is  formed in acidic environments 
and is stable in fresh water and continental deposits (Folk, 1968). Its  
association with sediments indicates non-marine facies (Brown e t. a l . ,  1977;
Folk, 1968). Flichtbauer (1974) stated that kao lin ite  cement is an early  
diagenetic (eodiagenetic) product in quartz sandstone. In the Taglu sand­
stone i t  is observed forming on top of small quartz overgrowths or f i l l in g  |
an en tire  pore, being the only cement. This suggests that i t  could form in 
both eodiagenetic and mesodiagenetic stages. At depths in excess of 9845 f t .
(3000 m) kao lin ite  breaks down and s ilic a  is released (Kisch, 1969) or may be 
transformed to d ick ite  as suggested by Fuchtbauer (1974).
Authigenic ch lo rite  is also mainly associated with the upper delta de- |
po sit. I t  is formed by d irec t p rec ip ita tio n  from solution or as a product 
of a lte ra tio n  of mica. The iron rich v a rie ty  of ch lo rite  could be formed in 
the flood-p lain  environment (lie b lin g  and Scherp, 1976} and in near-shore 
marine sediments (Folk, 1968). In the Taglu sandstone c h lo rite , when pre- |
sent forms a rim around the grains suggesting its  formation tn the eodia-
I■J
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genetic stage. Unlike k a o lin ite , i t  can suryiye deep b u ria l. I t  is observed 
in a sample taken from a depth, of 1040.9 f t ,  (3173 m l in Taglu 0-55 borehole.
I l l i t e  seen in many samples and in d iffe re n t deposits is a hydrous mica. 
I t  can be formed in a potash rich environment such as that present in temp­
erate and semiarid areas (Folk , 1968). I t  can also be the a lte ra tio n  product 
of other clay minerals as a resu lt of marine diagenesis or through deep burial 
(Folk, 1968). Brown at .^ (.1977) concluded that i l l i t e  increases in the 
marine sediments. Therefore, i t  could be formed in the eodiagenetic and mes­
odiagenetic stages. In the Taglu sandstone i t  is found on top of c h lo rite  
and other cement indicating that i t  was formed as a mesodiagenetic product. 
I l l i t e  can be upgraded to s e ric ite  and muscovite a t about 100° C (B la tt 
a l . ,  1972) suggesting that its  crystal size becomes larger a t depth. There­
fo re , some of the la t te r  minerals in the Taglu sandstone could be i l l i t e  in  
o rig in .




The tectonic elements of the Mackenzie Delta, controlled the sedimentation 
during Eocene time when the Taglu Member was deposited. Because of its  
structural pattern the Recent Mackenzie Delta has remained in i ts  place since 
Eocene.
The structure of the Mackenzie Delta in the research area is  character-
Iized by a series of folds and fau lts  trending northwest -  southeast and nearly f
perpendicular to the Donna River Fault zone. Most of these fau lts  are normal 
except the Donna River Fault which is  a s trik e  s lip .
The Taglu Member in its  type section consists of two sedimentary cyclo- 
thems. Both show gradational change in litho logy from predominantly shale on
bottom to predominantly s ilts ton e and f in a l ly  sandstone on top. This change ^
Sin litho logy also coincides with an upward increase in grain size and a %
general increase in bed thickness. The Taglu Member forms a sandstone wedge 
which thins out and grades into shale in a northern d irection .
The Taglu Member consists predominantly of quartz, chert, feldspar, rock g
fragments, micas, opaque minerals and cement. The cement consists of dolo­
m ite , c a lc ite , s id e rite , s i l i c a ,  and to lesser amount of c h lo rite , i l l i t e ,  
and k a o lin ite . Based on its  composition the Taglu sandstone can be class­
if ie d  as quartz arenite and sub litharen ite .
The Taglu Member represents a d e lta ic  deposit which consists of two 
main d e lta ic  cycles. These deltas are of the elongate type formed by 
f lu v ia l ly  dominated processes. Several environments maybe interpreted with­
in the sequences. They include d is trib u ta ry  channels, in te rd is trib u ta ry  |
bays and marshes, d istrib u tary  mouth, bars, and pro-delta. The sediments of |
these environments were deposited in a continuously but moderately sinking I




One source area of the Taglu sediments was located somewhere to the south 
or southeast. Composition of the sandstone indicate a t least two sediments 
sources. One was metamorphic and the other sedimentary^ The Richardson 
Mountains and the Eskimo Lakes Arch supplied, at least in part, the Taglu 
sediments. A th ird  source might have been well to the south. High gradient 
rivers transported a large part of the sediments in a cool temperate clim ate.
The most abundant cement in the Taglu sandstone is carbonate followed by 
s ilic a  then authigenic clay m inerals. Carbonate cement consists of several 
generations of dolomite both ferroan and non-ferroan, c a lc ite , and s id e rite . 
S ilic a  is present in the form o f s ilic a  overgrowth on quartz grains. Authi­
genic clay minerals in the Taglu sandstone are present in minor quantities  
and no comprehensive conclusion can be drawn from th e ir  d is trib u tio n .
The environment of deposition controls to a large degree the type of 
cement. Each type could form as a f i r s t  cement in certain  environments. 




A llen , J .R.L , ,  Sediments, of Modern Niger Delta; A summary and Review, in 
Deltaic Sedimentation, 'Modern and Ancient, O.p, florgan, ed,r Soc. Econ. 
Paleon. M in era l., Sp. Pub', no. 15, p, 138-151.
Anderson, D.W. and Picard, M.D. ,  1971, Quartz extinction tn Stltstohe: B ull.
Geol. Soc, Amer. v. 82, p. 181-186.
Austin, G. and Cumming, L . , 1977, Stratigraphie Correlations , B iostratigraphic  
Zonation of Mackenzie Delta wells; Austion and Cumming Exploration 
Consultants, Calgary, A lberta.
Austin, G. and Cumming, L . , 1976, Stratigraphie Correlation , B iostratigraphic  
Zonation of Cumming Exploration Consultants, Calgary, Alberta.
Barnes, C.R., Brideaux, W.W., Chamney, T. P. ,  Clowser, D.R. ,  Dunay, R.E. ,
Fisher, M.J. ,  F r itz , W.H., Hopkins, W.S., J r . ,  Jeletzky, J.A. ,  McGregor,
D.C. ,  Norford, B.S. ,  Norris , A.W., Redder, A.E.H. ,  Rauwerda, P.J. ,  
Sherrington, P.F. ,  S ilfe r ,  W.V., Tozer, E.T. ,  Uyeno, T.T.  and Waterhouse, 
J.B. ,  1974, B iostratigraphic Subsurface of the Northwest and Yukon 
T e rrito rie s ; Geol. Surv, Can., Paper 74-11.
B arren , J . ,  1912, C rite r ia  fo r the Recognition of Ancient Delta Deposits;
Geol. Soc. Amer, Bul l . ,  v. 23, p. 377-446.
Bernard, H.A.,  Major, C.F. ,  J r . ,  P arro tt, B.S. ,  and LeBlanc, R.J. ,  Sr. ,  1970, 
Recent sediments of Southeast Texas: Bur. Econ. Geology, University of
Texas, Austin, Report.
B la tt, H. Middleton, G., and Murray, R ., 1972, Origin of Sedimenatry Rocks: 
Publish., P rentice-H all, In c ., New Jersey, 634 p.
Bowerman, J .N. ,  Coffman, R.C.,  1975, The Geology of the Taglu Gas Field in 
the Beaufort Basin, N.W.T. ,  in^  Canada’ s Continental Margins and Offshore 
Petroleum Exploration, eds. C.J. Yorath, E.R. Parker, and D.J. Glass;
Can. Soc. Petro l. Geol. Mem. 4 , p. 649-662.
Brideaux, W.W., 1973, Cretaceous and T ertia ry  Assemblages (Palynomorphs):
Geol. Surv, Can., Paper 72-38, p. 2-6 .
Brown, L.F. ,  J r . ,  1969, V irg il and Lower Wolfcamp Repetitive Environments 
and the Depositional Model, North -  Central Texas, in Symposium on Cyclic 
Sedimentation in the Permian Basin: West Texas Geol. Soc., P. 115-134.
Brown, L.F. ,  J r . ,  Baily, S.W., C line, L.M*,  and L is te r , J .S. ,  1977, Clay 
Mineralogy in Relation to D eltaic Sedimentation Patterns of Desmoinesian 
Cyclothens in lowa-Missouri: Clays and Clay M inerals , v. 25, p. 171-186,
Pergamon Press, G.B.
Brown, L.F. ,  J r . ,  and Fisher, W.L. ,  1976A, Seismic Facies Reflection Patterns; 
Examples from B razilian R i f t  and Pull-Apart Basins; Bur. Econ. Geology, 
University of Texas, Austin, Report.
125.
Brown, L.p. ,  J r . ,  and pisher, W.L. ,  1976B, Delta Seminar; Home Oil Co. Ltd. 
Delta Manual, 244 p,
Bruce, O.K. , 1973, Pressured Shale and Related Sediment Deformation;
Mechanism fo r Development of Regional Contemporaneous Faults; B ull. Amer. 
Assoc. Petro l. Geol., v . 57, p. 878-886.
Bruce, C.J. ,  and Parker, E.R. ,  1975, Structural Features and Hydrocarbon 
Deposits in the Mackenzie Delta: Proc. Ninth World Petroleum Congress,
Tokyo, Vo 2, Applie^ Science Publish Ltd. ,  London, p. 251-261,
Carrigy, M.A. ,  and Mellon, G.B. ,  1964, Authigenic Clay Minerals Cements in 
Cretaceous and Tertiary  Sandstones of A lberta; Jour. Sed. P e t., v . 34, 
p. 461-472.
Chamney, T.P. ,  1973, Tuktoyaktuk Peninsula Tertia ry  and Mesozoic B io s tra ti­
graphy Correlation , iji Report of A c tiv it ie s , Part A: April to October, 1972: 
Geol. Surv. Can., Paper 73-1, Pt. A, p. 253.
Chamney, T.P. ,  1972, B iostratigraphic contributions from the Arctic Coastal 
Plain West of the Mackenzie Delta; Geol. Surv. Can., Paper 72-lA , p. 
202-203.
Chamney, T.P. ,  1969, Tertia ry  and Cretaceous Biostratigraphic Divisions in  
the Reindeer D-27 Borehole, Mackenzie River Delta: Geol. Surv. Can., Paper
70-30, p. 69-72.
Chouquette, P.W., and Pray, L.C. ,  1970, Geologic Nomenclature and C lass ifica ­
tion of Porosity in Sedimentary Carbonates; Amer. Assoc. P etro l. Geol. 
Bul l . ,  V. 54, p. 207-250.
Coleman, J.M. ,  and Gagliano, S.M., 1964, Cyclic Sedimentation in the 
Mississippi River Delta Plain: Trans. Gulf Coast Assoc. ,  Geol. Soc.
Trans., v. 14, p. 67-80.
Cote, R.P.,  Lerand, M.M., and Rector, R.J . ,  1975, Geology of the Lower
Cretaceous Parsons Lake Gas F ie ld , Mackenzie Delta , Northwest T e rr ito r ie s , 
in^  Canada's Continental Margins and Offshore Petroleum P otentia l, C.J. ,  
Yorath, E.R. ,  Parker and D.J. Glass, eds,: Can. Soc. P etro l. Geol. ,  Mem.
4, p. 613-632.
D a illy , G.C. ,  1976, A possible Mechanism Relating Progradation, Growth Fault­
ing , Clay Diapirism and Overthrusting in a Regressive Sequence of Sediments; 
Bull. Can. P etro l. Geol., v. 24, p. 92-116.
Dennen, W.H., 1967, Trace Elements in Quartz as indicators of Provenance;
Geol. Soc. Amer. Bul l . ,  v. 78, p. 125-130.
Evamy, B.D. ,  1969, The P recip itational Environment and Correlation of some 
Calcite Cements Deduced from A r t i f ic ia l  Staining; Jour. Sed. P et., v. 39, 
p. 787-793.
126.
Fisher, W„L., 1969, facies Characterization of Qui F Coast Basin Delta Systems, 
with. Holocene Analogues; Trans. Qulf Coast Assoc, Qepl. Socs., y. 19, 
p. 239-261,
Fisher, W.L,, 1968, Basic Delta Systems in the Eocene of the Gulf Coast Basin 
(abs.) Trans. Qulf Coast Assoc. Qeol. Socs,, y , 18, p. 48.
Fisher, W.L., and Brown, L.F. ,  J r . ,  1972, C lastic Depositional Systems -  a 
Genetic Approach to Facies Analysis: Bur, Econ. Geology, University of
Texas, Austin, p. 211.
Fisher, W.L., Brown, L.F. ,  J r . ,  Scott, A.J. ,  and McGowan, J .H. ,  1969, Delta 
Systems in the Exploration fo r Oil and Gas: a research colloqu^m. Bur.
Econ. Geology, University of Texas, Austin.
Fisk, H.N., 1955, Sand Facies of Recent Mississippi Delta Deposits; Proc.
4th World Petroleum Congress, Rome, sec. 1, p. 377-398.
Folk, R.L. ,  1968, Petrology Sedimentary Rocks: Hemphill's Bookstore, Austin
Texas, p. 107.
Folk, R.Lo, 1964, Petrology of Sedimentary Rocks: Hemphill's Bookstore, Austin,
Texas.
F o th erg ill, C.A.,  1955, The Cementation of Oil Reservoir Sands and its  Origin;
Proc. 4th World Petroleum Congress, Sect. I ,  p. 300-312. f
Frazier, D.E. ,  1967, Recent D eltaic Deposits of the Mississippi R iver; th e ir
Development and Chronology: Trans. Gulf Coast Assoc. Geol. Socs,, v. 17, #
p. 287-315. I
Fuchtbauer, H ., 1974, Sediments and Sedimentary Rocks 1: Publish, Halsfc.d 1
Press, John Wiley and Sons, In c ., New York, 464 p.
Fuchtbauer, H ., 1961, Zur Quarzneubildung in Erdollager statten: Erdol. u. I
Kohle, V .  14, p. 169-173.
G laister, R.P. ,  and Hopkins, J . ,  1974, Turb id ity  -  Current Debriif-flow Deposits %
in Use of sedimentary Structures fo r Recognition of C lastic  Environments, i
M.S. Shawa, ed.: Can. Soc. P etro l. Geolog., Unnumbered publication, 66 p.
Garrison, R.E. ,  and Luternauer, J . L . ,  1971, Textures of C a lc itic  Cements |
formed During Early Diagenesis Fraser D elta , B ritish  Colombia, in 
Carbonate Cements, O.P. Bricker, ed: John Hopkins University Studies in |
Geology, no. 19, p. 151-154,
Goldstein, A ., J r . ,  1948, Cementation of Dakota Sandstones of the Colorado 
Front Range; Jour. Sed, P e t., v . 18, p. 108-125.
Gould, H.R., 1970, The Mississippi Delta Complex, iu Deltaic Sedimentation 
Modern and Ancient J.P. Morgan, ed.; Soc. Econ. Paleon. M inera l, Sp. Pub. 
no. 15, p. 3-30.
Heald, M.T. ,  1956, Cementation of Simpson and St. Peter Sandstones in parts j
of Oklahoma, Arkansas, and Missouri; Jour. Geol., v . 64, p. 16-30. j
127.
Holmes., D.W., and O l iver , T ,A . , 19.73, Source and Depositional Environments of 
the Moose Channel formation, Northwest Terr ito r ies ; Bull. Can. Petrol. 
Geol., V. 21, ,p, 435-478,
Keller, W.D., 1970, Environmental Aspects of Clay Minerals; Jour Sed. Pet. ,
V .  40, p. 788-813.
Kisch, H.Jo, 1969, Coal-Rank and Burial Metamorphic Mineral faciès; Advances 
in Organic Chemistry, p. 407-425; Pergamon Press, G.B.
LeBlanc, R .J ., S r. ,  1977, Distribution and Continuity of Sandstone Reservoirs. 
Part 1: Jour. Petrol. Tech., p. 776-804.
Lerand, M., 1975, Beaufort Sea in^The future Petroleum Provinces of Canada,
R.G. McCrossan, ed.: Can. Soc. Petrol. Geol., Mem. 1, p. 315-386.
Lerbekmo, J .F . ,  1961, Porosity Reduction in Cretaceous Sandstones of A lberta: 
Alberta Soc. Petrol. Geol. Jour., v. 9, p. 192-199.
Liebling , R.S., and Scherp, H.S., 1976, Chlorite and Mica and Indicators of 
Depositional Environment and Provenance: Geol. Soc. Amer. B u ll . ,  v. 87,
p. 513-514.
Mackenzie, F .T . ,  and Gees, R., 1971, Quartz: Synthesis a t Earth-Surface
Conditions: Science, v. 173, p. 533-535.
Martin , L .J . ,  1961, Tectonic Framework of Northern Canada, In  Proc. f i r s t  
International Symposium on A rctic Geology, G.O. Raasch ed: Univ. Toronto 
Press, V. 1, p. 442-457.
M ia ll ,  A.D., 1976, Facies Model 4; Deltas: Geoscience Canda, v. 3, p. 215-227.
M il lo t ,  G. 1970, Geology of Clays: Publish Springer -  Verlag, New York,
p. 429.
Morgan, J .P . ,  Coleman, J.M., and Gagliano, S.M., 1968, Mudlumps: Diapiric
Structures in Mississippi Delta Sediments: Amer. Assoc. Petrol. Geol.,
Mem. 8 , p. 145-161.’
Mountjoy, E.W., 1967, Upper Cretaceous and Tertiary Stratigraphy , Northern 
Yukon Territory and Northwestern D is tr ic t  of Mackenzie: Geol. Surv, Can.,
Paper 66-16.
Norris, D.K., 1972, Structural and Stratigraphie Studies in the Tectonic 
Complex of Northern Yukon T err ito ry ,  North of Porcupine River: Geol.
Surv. Can., Paper 72-1, pt. B ., p. 91-99.
Oldershaw, A .E., 1971, The Significance of ferroan and Non-Ferroan Calcite  
Cements in the Halkin and Wenlock Limestone (Great B r i ta in ) ,  tn Carbonate 
Cements, O.P. Bricker, ed.: John Hopkins University Studies in Geology, 
no. 19, p. 225-229.
O'Neil, J .J . ,  1924, Report on the Canadain Arcttc Expedition, 1913-1918, v. n . Geology and Geography; Part A; The Geology of the A rctic Coast of 
Canada, West of the Kent Peninsula; Government P rin ter ,  Ottawa, p. 1A-107A.
128,
O 'N eil ,  J .J . ,  1915, Canadian Arctic Expedition; Geol. Surv. Can., Summer 
Report 1914, p, 112-115,
Packham, G.H., and Crook, K.A., I960, The Principle of Diagenetic Facies and 
some of i ts  Implications; Jour, Geol., v .  6 8 , p, 392-407.
Patton, W.Wo, J r . ,  and Hoar, J .M., 1968, The Kaltag Fault, West-Central 
Alaska: U.S. Geol. Surv. Prof. Paper 6Q00-D, p. 0147-0153.
Philipp. W., Drong, H., Fuchtbauer, H., Hddenhorst, H., and Jankowsky, W.,
1963, The History of Migration in the Gifhorn Trough, NW Germany: 6th
World Petrol. Congress, Sec. 1, Pap. 19, p. 457-481.
Pittman, E.D., 1972, Diagenesis of Quartz in Sandstones as Revealed by Scanning
Electron Microscopy: Jour. Sed. Pet. ,  v. 42, p. 507-519.
Pye, W.D., 1944, Petrology of Bethel Sandstone of South Central I l l in o is :
Amer. Assoc. Petrol. Geol. B u ll . ,  v. 28, p. 63-122.
Roberts, H.H., and Whelan, T . ,  I l l ,  1975, Methane derived Carbonate Cements 
in Barrier and Beach Sands of a subtropical Delta Complex: Geochem.
Cosmoch Acta, v. 39, p. 1085-1089.
4Russel, W.L., 1960, Principles of Petroleum Geology: Pub. McGraw-Hill BookCo., In c .,  p. 503.
Schmidt, V ., and McDonald, D . , ( In  press). The Role of Secondary porosity in 
the Course of Sandstone Diagenesis: Soc. Econ. Paleon. M inera l. ,  Sp.
Pub. no. 26.
Scruton, P.C., 1960, Delta Building and the Deltaic Sequence, in F.P. Shepard 
and other, ed.: Recent Sediments Northwest Gulf of Mexico,’TAraer. Assoc.
Petrol. Geol., p. 82-102.
Selley , R.C., 1975, Subsurface Diagnosis of Deltaic Deposits with Reference 
to the Northern North Sea: Norwegian Petroleum Society, Jurassic Northern
North Sea Symposium, Stavanger Sep. 28-30.
Shawa, M.S., Lee, P .J ., Young, F.G., 1974, Deltas: A General Review I n  use |
of Sedimentary Structures fo r  Recognition of Clastic Environments, M.S. ■'
Shawa, ed.: Can. Soc. Petrol. Geolog. unnumbered publication , p. 6 6 .
Siever, R ., 1957, The S il ica  Budget in the Sedimentary Cycle: Amer. Mineral,
V .  42, p .  821-841,
Smithson, F . , and Brown, G., 1954, The Petrography of D ick it ic  Sandstones in 
North Wales and Northern England: Geol. Mag., v. 91, p. 177-188.
Staplin , ;FoL., 1976, Tertiary  Biostratigraphy Mackenzie Delta Region, Canada: 
Mackenzie Delta Region, Canada: Bull. Can. Petrol. Geol., v . 24, p. 117-
136.
T a i l le u r ,  I . L . ,  and Brosge, W.P., 1970, Tectonic History of Northern Alaska, 
in Proc. Geological Seminar North Slope Alaska: Amer. Assoc. Petrol.




Visher, G.S., 1969, Grain-size d istributions and depositional processes; Jour, 
red, Pet., y, 39, p, 1074-1106.
Waldschmidt, W.A.» 1941, Cementing materials iti sandstones and the ir  probable 
influence on migration and accumulation of Oil and Gas; Amer. Assoc, Petrol, 
Geolog. B u ll . ,  v. 25, p, 1839-1879.
Walker, T.R. ,  1967, Formation of Red Beds in Ancient and Modern Deserts: Geol.
Soc. Amer. B u ll . ,  v. 78, p. 353-368.
Weimer, R .J ., 1961, Uppermost Cretaceous Rocks in Central and Southern Wyoming 
and Northwestern Colorado, in Symposium on Late Cretaceous Rocks, Wyoming 
and Adjacent Areas: Wyoming Geol. Assoc. 16th Ann. Field Conference, Casper,
Wyoming, Petroleum In fo . ,  p. 17-28.
Whelan, T«, I I I ,  and Roberts, H.H., 1973 Carbon Isotope Composition of Dia­
genetic Carbonate Nodules from Freshwater Swamp Sediments: Jour. Sed.
Pet., V .  43, p. 54-58.
Wilson, M.D., and Pittman, E.D., 1977, Authigenic Clays in Sandstones: 
Recognition and Influence on Reservoir Properties and Paleoenvironmental 
Analysis: Jour. Sed. Pet. ,  v. 47, p. 3-31.
Wright, L.D., and Coleman, J .M . ,  1973, Variations in Morphology of Major
River Deltas as functions of Ocean Wave and River Discharge Regimes: Bull.
Amer. Assoc. Petrol. Geol., v. 57, p. 370-417.
Young, F.G., 1975, Upper Cretaceous Stratigraphy , Yukon Coastal Plain and 
Northwestern Mackenzie Delta: Geol. Surv. Can., Bull. 249, p. 83.
Young, F.G., 1972, Cretaceous Stratigraphy between Blow and Fish Rivers,
Yukon Territory: in Report of A c t iv it ie s ,  Surv. Can., Paper 72-1, Pt. A,
p. 229-235.
Young, F.G., Myhr, D.W., and Yorath, C .J .,  1976, Geology of the Beaufort -  
Mackenzie Basin: Geol. Surv. Can., Paper 76-11, p. 63.
130Ka ,
uISJ
vor'-'^ooovocooiH'ïrr^t^'^LncNi'^OrHr—I—lO'!i<cnr^ro cy\r^ooHr'OCMoo^vDc»foa>’^ vorocx50>or^'jDrovDcnk£) rororO’^ ronHrgcNCNCNCNCMr4CNr4CNrO'^ror^c>)CMCM<N
XII IIs
Or^V001VDOC»0>i—lCN|4D-<;}*4DC4rHtNrOVO<NICNJHinVOVjDtD 













o o o o o o o o o o o o o o o o o o o o o o o o o
r^(T\LncNr^or'r4mv£>voin(X)cx3or'CNN<vocr4N'cr\ocN'5j' 
O C A C O ( T \ O O C T » t n i > ' : l < C y i i - 4 l O O V £ ) ’> ! j* '£ > C N V O C O N '(X > C T lrH  r-4 
CN I—I 1—I 1-4 r 4  r-4 CN i—I I—1 T f  |—I |—I |—I |—I r-4 r-4 i—I i—I i—i r-4 i—I r-4 i—I i—1 i—I
Is ■N'cr»r-vDr'Ocnr^inroinooot^cN^r-'Ooinr-4mrocriCNinr^inor-4r>** '^^cr»vor4r-4cr><yt'5fromfOcDO'x>cx3cx>vocNCD«^co*^'^rO'N<romcx3r^'!i‘ LOtnmcx>r^LO'ïr’^ ^mcoc»vDI
ë
OOp4(X)rOr4cr»'X)r4N<VOOOOVO’<i^<CNWDCNOinOOOCX)Lno o o c r» o r^ i-4 '^ o c N o o o r4 C N ro r -4 rO '^ c x )o o o o r '  




g I cTioocxjcoroiniocotncNCNcooor-ioo'^cocNr^'^r'Oor' cT>oocyHcriOr4cx)voooLntnc»vor-r--c£)ooLnr^i£>v£)r-(X)U5 I—I 1-4 r-4 r-4



































r O C N H C N ' N ‘ r H r - H m r O C D r O C N r H C » < T v O
CNCNCNCNCNCNCNCNCNCNCNCNCNHrHCN
r^coi>ovDr''Lnooœor'-r'CNr4ro 
I—I I—1 I—I CN I—I I—I I—I CN CN I—I CN rH  i—I i— I i—I i—I
TrcT\inoor~-[~-^ mr4ocNmooLncNr~c»r c^T\cr»(X)cricx>c3rir-40r4cT4C3^ r c^ou3I—1 I—I I—I
cxjcocNrocNcrkVOOcricj>'=4<cjirH'X>cni>mcNr- ' r- ' -commcovocor^cor- ' ininm
# # # # # # # # # # * * # # # #
o o o o o o o o o o o o o o o o
VO*53<cOVDCD';J<00'<^ rHLOcr»mrOiHr-4rHoo'^incNLDOiHmcNcNincorHinrH
I—I I—I I—I I—I I—I I—I I—I I—I rH I—I I—I I—I I—1 I—I I—I I—1
t n c 0 O r H L n C N C 0 N ’ CNCTtCX)00CnOV01-0oocNror-cNCNfOrHt^OrHrHr-omH^rOH^ LDLnN'H’H H^’N'CNH’N’OOrOCNrO
vovov£)VDr'-r^ c»for^ r''rH)>r^ c»oocx) mcncNCNoocnOrHocNrHrHmcncn 
I—I I—I I—I I—I I—I I—I I—I I—11—I I—I
CN(T>CT»Cr»rHV£>COVjOHrHinoOiHrHrHinroLOLnm"^ '^N*m'N'mcov£>'N‘'^'«i*
cNmm'^fincncomrHinr-'CNinvonvocoLOr-cr»r^ r^ vor^ o<TjOrHCNcx3r^ co
iH rH rH rH
O O O O O O O O O O O O O O O O












C N C N C N < N < N r H r s l C N < N H r H r H i H i H r 4 C N C N t N C N C N C N ( N C N I C N C N
Hr^r>*coinr->covDCDmcNCNocNiooo'^or>'H'ï}*cor^or^ 
CN r—1 I—I I—I CN rH rH rH rH i—I rH CN rH i—I rH i—I rH CN rH






r^cTirHr^cNcriinrH‘^ covx>r'>ocriOCNLnoocNinc»rHcx)inc3ocNcx)in'^vx>cx5cx5CDOiomcDLocnr~>r'-r'-r~-cnr'r''CXDr^r^# # # # * # # # # # # » # # $ # # # # # # # # # #
o o o o o o o o o o o o o o o o o o o o o o o o o
CnVDCOrH'^OœrHrHLDCOrHcriOrHCD'Çj^cy^OOmœ'^OCN 
r O r H iH L n « H C r > C N r O H C T \r H r H m C N r H C N C N O C N O C N O - « : 3 < u n « < ^  
i H i H i H i H r H  t H r H i H  i H r H r H i H r H r H r H r H r H r H r H r H r H r H i —I









a I•Hi-q mcNCNocNuirHrHTrr^cnr~'Cr,Tfcr\LnmcNO(r»oominLncr>coooooor'cy>cr>vjD'^in'^LnvoLnooœr^cococ)Ooœ<j\cTiI—I I—1






rocNcNwmTfinrHomoorHoom u im(N(N(NmooorHm"4 ' i n r40oo 
I—1 I—I I—I I—1 1—1 I—I 1—1 I—1 CN I—I 1—I I—I CN I—I I—i

























# # # # * # # # # # # # # » *
o o o o o o o o o o o o o o o
Lnooor-4cN'=^ cxD'si*Lncnr'00'ïj*oo ovocy»ooocx3vx)LOr-4i-4’^cx)inoc3^  
r-4 r-4 1-4 r-4 r-4 CN CO lO  H*
O O O O O O O O O O O O O O OrHCNCNmomr-HO'd'cnr-r^cocNsyor-r~TfLno^uiLninr-^rot~-cN
U l C N C N ' N * m m C N C N C N C N r - 4 r 4 ! - 4 r - 4 C N
HT'N^ 'Nfcnco-^ oorO'^ r^ OLO'ci^ oLnœooor-cT^ r-cncTicnmcor^ cooovo




















L n c r » o o c x ) H m N * c N i H c r i i H O '« 5 i * O L D C N c r » c r > - > ^ r ^ ' i ^ i H m r ^  
I—1 I—I I—I I—I CN 1—I I—1 I—I CN I—I I—1 I—I rH I—I I—I CN I—I I—I CN I—1 CN I—I I—I
cTvCTiCXD'ïfrn'^rHooor^rHi^coomrocNcriooocncoLOco
( T i C N C N C N O t T » ( T » O n O r H V X > l > - O O C O < J i O O O O C 3 > O C D C X 5 C »  










o o o o o o o o o o o o o o o o o o o o o o o o
cocr>rHroocoinorHr'-cNr^cNLOcx>rovotHCNr'CO'sj*cTiH< inmcovocn^ vovoLnmcncT\rHocnr~'<;fvooomLO(y\':j'm 
I—1 I—I <—I 1—I rH I—I I—I I—I ro  rH I—I I—I LO CO I—I I—1 I—I I—1 rH CN




r - « C N r H i H O O iH r H C » C N r O ‘^ r H C O C N i —l*N * 'ïJ ’ ’^ N ’ C N O C T V rH C O  




cncT%r~coocnmmtH(ncOrHcoincr*mcncncT\ocNr~cNCNr^ r-'CX)voLor^ LnLnr'>r'*Lor'-LDLnr^ r'r^ r^ r-'Ocy»vocr»crk
I
p
cr>r"00cov£)cocNcor''CX3cr>Lninirivûocov£)rHinLnc»crv cTiCNCNCNoocT^t^OtHLnvDr-r^r 'ChfHoocTioovDoor^ t—I l —i l —l i H r H  iH t H  rH rH
4-><44




C N C N C N r H r H C N C N H H  r H C N i H C N C N C N i H r H i H O J C N C N i H C v l C N
QI IaQ as
mofnr^rocNrHHcn'çî^OfHooPvocNoocNcj^'N'corHcyivoro 
I—I CN I—1 I—1 I—I I—I I—I I—I I—I I—I I—I I—I I—I I—I I—I I I ' I I I






















ocxjr^cxjincNr^mcTkOocxjocniocs^LnrovocyirHmrOfHCNO r^ t3»irjinro'x>m'^ '^ cN'^ Ln’«:rmc£)coromcNvûLOin'^ vor^  • • • • • • • • • • • • • > • • • • • • • • ■ * •
o o o o o o o o o o o o o o o o o o o o o o o o o
|>rO'!:4‘lOOC3>t^ rHCOCX3'?rmC3>rO(X>CX)':^ *r'lOOrHCT\OC3>r-4 p4N’ r''CXJcx)r4oor^CN'^c»cx>r^crirorHVDoo(X)r4cy»cx)t '^:ÿin 
I—I rH I—I I—I I—I 1—I I—I I—l I—I
mc r No mo o N* O Tc y \ o o i n o H r H c o r o L n p 4 o o i H o o i o c N  cx3iHOrHiHor'cnrHvocr»cTvooc»cx3ro-sj«cx5'^in'!i<’^ rH'?r cNo>vDcy»0"<^ r^ rocT\vocoi>mooLnv£>r>.CNoor'>rHovoooo 
I—1 I—I I—I I—I rH I—I I—I rH rH i—I
ocNoounmminooœoooooorocNinocNcnuiœmoomor^cNoor'-oomvooovocnmcnr'-OLnoor-'OoooI—11—I I—I








o o o o o o o o o o o o o o o o o o o o o o o o o
O O O O O O O O O O O O O O O O O O O O O O O O Oor^cocTkOrHcNrO'vrLOor-oocr»OrHCNroH'inu5r^cx3<T»o•N<N*N'N<LOLnLOLOLniJOLnLOLniocDcovoLDocD'x>covdD'x>r^
APPENDIX B 136













1 •I•HC7) I 1
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35 a 154 37 32 2 4 9 2 4 2 z / / </ /
8399 ^5 é> /o 4 6 z. Co 2 6
(8453 o27 34 <1 7 /4 <1 2 <1 6 1 3 3 4
as i\ 31 38 6 <1 7 2 3 4 4 2 I 3
45 28 5 6 / 6 <l 3 3 <l • I 2
e i i o 37 24 / /6 / 4 2 4 / / %
8205 30 3 2 JO 3 / / 9 <l 4 <1
83 64 <24 62 / /&, 2 2 <i <l 1
u-43 3100-3220 <28 ,24 / <\ 5 2 /8 / 2 6> 3 /
(2-54 3040- 3050 34 20 4 3 7 3 4 3 n 3 / z
3400-34 fO 33 30 < I /2 2 <1 6 /a
3640-3650 32 20 3 { ID 4 7 2 / f / /
D-55 /04f3 56s 21 a. 3 & 2 2 2 7
10437 34 40 4 1 4 Co 2 2 / 4 /
/05/5 3/ 26 / 2 /2 / 7 2 2 ' 4 4 5
(0100^  10300 36 30 7 / 4 3 4 / 7 / 3
foeoO^IOB50 46 21 5 2 7 4 4 3 4" 3 2
(oaso^ iù^ oo 46 26 3 2 6 4 2 6 2 4
11200^  f/200 39 27 4 o? 2 2 2 6 ? / 4 /10600^  (Ù10D 36 33 2 3 9 5 4 4 1 / Co
3W  - 3720 34 37 6 <1 6» 2 Ô / 1 / 2 / 3
3700^3300 37 /? / 3 3 2 21 / 1 /2 2
3300-3350 30 /? 4 3 8 / 26 9 /
5350-3900 30 28 2 4 Co 6 /8 3 / 5
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57 0 0 -5300 5 / / / / / 5 3 /5 v3 3 Z / /
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3700- 3BOO 46 26 6 i 5 3 3 / 3 / 53900 -4000 37 2 0 4 4 4 6 4 3 19 /
4000-4100 28 3 0 5 3 <6 5 5 / 74 / 0?
4 3 3 0 35 23 3 3 7 4 7 / / / 7 2 </4^020-4030 3 0 2 8 4 / 7 3 4 3 / 11 /
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3 9 2 0 -3 9 4 0 2 8 47 / / / 5 4
AJTD'JDIX B (CONT’D)
0) I 8 ■H
g
O
(U I 2 138.Ü)
1 1 1
Ô






g 1 I 1 1 I
X-2Z 1670 36 ao / / 7 0 9 3 / / I / /
/42p *26 ^4 3 6 a
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0-14 1470-1480 as as / 3 7 6 8 a t ao / a a
MoO-teoo 33 38 / / 5 /2 1 / / /
lôO^ 40 37 a a. 6 3 a 4 / /
IBOO-1&5V 32 34 1 1 6 3 4 <1 3 / /
1900-dODD a9 31 3 a. 6 7 / 5 9 6 3
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-  3aoo as 61 3 4 a / 3
3370-3390 3 6 40 / /3 3 3 / /
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3450-3500 /& <Æ / 7 a /5 / /o a
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3 9 0 0 —3050 Z7 .37 a a 3 / 7 / 3 9 <1
3850-3900 36 3 1 8 <1 s IB Z /
P-03 3 4 3 5 3 8 50 / 7 1 a / / SL
8530 4 0 /5 </ ,8 4 3 /o 5 / 1 <1 /
8660 3% 3 7 3 4 /3 4 ■' a JL - 4 <1
8730 38 13 4 f // 5 3 6 1 ID / 18816 38 a o 1 3 a o 3 1 * 1 a 3 2 1
9 / 9 0 47 a.3. 3 2 7 4 a a 4 4 3 1
9 3 2 5 3 5 o25 < ( t 5 \ / / 6 6 5 3 I
9 5 9 0 51 /6 4 8 5 1 6 a. 59952. 36 74 7 <1 ao a s - 8 / 6 a z
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U  grcj ss^cKcrèf,
P^bbU  ^C4rhonactaiS nn/>derAfe
Ei- ()r«y S.S^  moc/«<^ c 
tve/l SorietJ fùfjtffaatPUf
Ca^honoctous
Shtfle a*\c/ Stf^ ijfiuiu
M»biœoas
T>k c j r ^  Zhâfe, m>CMO:cus 
^^ hest\acsU9US^  (isslh. 
Tnfz/héJtieJ w/f4 sM*e





m/cAceouJ, <3trb»>wr — C42oa3
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£■ o 3 (Û OS
Pro- delta
oJerat l^tLi~ *fo ,
%opi€-i f l\<^ cee>as^
^fbonaceous* f 2.co-bhe^ J^t
Ce>n\ C i t i f i S  o t^/vc) e i > e > t
places^ or//A
d k r^-e  ^ sH^hfue.
T>|c Ctrt)o3V)
M<‘Cnceé>uS^  s i l l y
0f ^  4o d k gre^  S /
^  ^^iîo»V*CC»«S;
ifAi'c^eeous, -fii’iSi’le, .g«%&coAf br,4 tk  " ^
<SrC4j SS^ ' ^ r / c A e r ( "
^rkonacgJDK^/ QfoiHoiCeou  ^
iv\\ejtbiiàei w/fA
^kicU Is ^bonace^uS SiiUt 0^4 ScMdtf '  ^
Skaftr^ fTss/A* 
' \^CaciL£>\is  ^CA/bor^actûuX.
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s^Nne ch~ert C a/'ho—
r\ac.€.ous . arw s/% ss" i s *viod. soTfe(% X
Qrt^ S'Êwf —
^ r , a U-ti^ CoLtlûohCtC£ oU S
5cok^  c/Af cAe/'f <7 m S   * * I jL,ocrcu^ iiôHaJ tfjatACohi tc  fveil Sorted , , ^
6o dfc gr-#^ 5 A, C«rl 
Sc^4Wej SKAdg/lN'Mf ,  .
fhit^rhetfa-ecl S/fstA.
3)k jrew ^k/ Carbo/idCCcitx 
-{^ ‘SsHê.scaii' t^.reJ0  r<x » rt5 , m « CAceo&tS.
(ar<U| 4o cAert
, Sic/er,-AlC P^^ces 
Uftrb*ddtJ
Off ”H> dl ^  A'ss//e SA
T> k g r-e^ S h. j:;
m;caCeoug^ f i i 'S S i i^ ,  Ce>al ^4;Of 
Quartz, qrattyr sCd^fered
if)i'€rh^JdeJiA//'f^ Si/'A rfoHc  wkfck is g rew  ^ sÆwdu 
cxrbtf>nflced«.s -
^  d k  «STS
APPENDIX C
STRATIGRAPHIC SECTION H-30
(for symbols see figure 20)
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3 2 0 0
3300
3400
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Ofstribator^





S o n d u  S i  li-S 'ftJHL
DK^ re^  *fîss//e SKak
infiiCaceoUSy cafbanac^u^ Lirtjre^ fyehbl^  SS^Wabte
Ofc-gr€^ Shak.f ,
s c a w r ^  sand
Oiarboryyace^u S i^fOaceûUS
Lir 0 re^ , modey^ d'i^  ^nJI poo/lu 
D is t r ib u ta ry  s&tied, cafbi^ rtaûié>us ,





t f- grew  ^ moOlerA/k. o/el| 
So f^eJy ca,irl3or\acej)aS, 
oeïcasion l^ g(aH£t9 i^ie.^ch& i^ÿ
^f/oMeîn ««<4 O^ flfi'/loceouss<swte_A\’iGa •Wafc-es ^
tifc And bm  ^ -fcssi/e^  
carbonaoe^us / *«rraC«u9ui 
3Ca{4€r€.d san^ gram s,
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STRATIGRAPHIC SECTION A-06 
( for symbols see figure 20)
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L4 grey , carbdAACeoilS, moC^grWe 
Interbe/oWff w/tA 
Shale And gre^ si (fsfr?He
Dk gre^ Sh, 4 {^SSik, verg Kcfc î« 
C/ifbonQCeou5 moitef) scM ^e d  
sccnd gAtcM-5 , micaceous -
Ltgr-e-y cincf g reg &S ^  mcxferafe 
so#4<^ c%rbonac«ouS/ cher4g 
i n t e / l o e i c i l e ^  ufiiis. S}(4-s(tyH£-Anci 
4kgrey Sfi
Pro-del4a Dfcigr^g sAcfe,
Gomma- «5 i a£o>
3500
D i s t r l  b u t a r y  








( for symbols see figure 20 )
Lf- sAate.^ S» Üm , Hiiûcceoas 
sça.ftcnc(f Sfwvf flrdiVix <;ssi'lc 
M t f jr  ùi4 fk  S3 greti
^  , Mlcceeus
ceous.
( q r t y  4 o  l i -  g  ,  s c o ^ f t f  r c j  c A e r t
gr<uVi», a €^U4> petWes
Lk^reu 4 ^  0 rejj ss^ -f-rUhk 
c k c / 6  gr&Mw(es^ 
*v\NCaC€L^ >as 0^4 <^^ov)4CCé>Ul S c ^  Cofll Ckf^3
S)/4(6n\t^vA/cA
l-i Cay'h£>hiSC£^ :ui
S  W j  jf f o
si) ufUiCÂ iS
OurlcyoïiaOtCiUS.
bm  <tM£( d K q r ^  S k a k ,  
S ill^  ûmcI  «h p(ac€,ç^
M • CaceouCér\ùe>7\ÛCt^uS^ '^%'L
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Qre^ dfcgrey shale, fissile,
c^ nrkor^ aceous, ti^ îcacex>ü%, sandi
ss Cher14^
'^Uucavtlte, ùarbo¥>aceatJis, mi’nor 
^Uk«S* Ti^ heL/latéJÂ^ d u/i4ft 
SfMsfeme a*^d dk iChek. 
TKes^ rs mot/erafely Serf ^
tw 4c» dk shale^ ^issi
very fi'ck iK CfU ht» t^ aceLcu s






























Lt g rey  io g re y  sili-sone.^ micaceous
conia*Ai OArhoAdCe^ aS f raq j  D k g r ^  shale^ -fîssîl-e, cathàisùceous
hriionceocis
Qrey-to i l i r ^ n e ^  SS^  <*iîr>or S/Werite
and qlawccMÎte <%f6andceoo5 
s S r? !^ *  ch ips , o»^#/lflceous^i»K>dewte
Arcy brrt^  moderaky </ <%*,(
chips  ^ Qfgf naccouj, micaceous 
n>*mor Chert .(4/^  W*,
^ ^ ÿ io c ik :  g r ^  sA, m,c#ceous 
^{ssih and Ctthe>ir\G«UUmS 
S‘tlirS<S*\^,Cùfbt>f\aGeotiStMi 
W\iTAC€OaS 
<Src  ^ « S , Sf I ^  , <argV lleceoujf^ 
• ‘^•Cftceous, scs^e cerb.
6’r e j  f o d k  s K ,  wJcflCfieas;
<%rbe»nd :^€^u /^ Ai'ss/(c
C^ r^ M S» s c d tltr tc f  s-^
Mg/v*ihs  ^carbo»^ûaPc?«S^«ÎQ»Cie“OikS ,
^  ss^ s<s**<,si'Jeriie.
argi IWCCOUJ/ / Ge»a( Chîps
and C a/too<ïcco«S intcrbec/cW  
w,"W\ sif+;îf<sH«_ sim ilar füH krt: 
desc r i  be*d a b« i/e
*fo /f -g re y  55 , af^ittaceous
CaAioi\acxus>uS Infe/bedc/^d w /4k  
S Î / k f « ï ^  and s A i k  utkicly b a tk  
a r t  m<Coo»üt/s cuv^ i <^rbotiaceoa£ ô s  is m o d era te  y  s o r te d *
Gr-e^ j 4o dk gre^ sK , -^,'ssilf 
carbc»ir^Ceott£, mlCaCeoM, 
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L f s s , c h e r f y  ^  m m or 
G fiirbonaceoai
X>k g r e ^  S hok^ n 'c h in
Carbonaceous iviu-ffer, s^ ntu.
r» ite rb ed c f«V
b t~ c jr^  SS, m odcju^e s o r f ^ , 
c^rbonacgAuS, CchUI cou^eM-eJ^ 
m /cAceou-S
Si
Scu-Htjreif s s  g r u fr t i  
rick ÎH Carlson ACeottl
«\dtler <3Lnd m/o» -Pldk^u. 





2 9 0 0










(for symbols see figure 20)
Lf s s   ^a y  Ilia /n'aè/c
^  Sot fed  ^
s52.«-ff<.re<f ckc/ 6  ^
»MiCA )^ <î 5 A ^onfû/nS Coû\ 
cA/ps^ ca^rhùr\jc€^0uZ-










'S^afe.  ^C43/t>ot^acee^uS 
Ml' ta c c  e>uS  ^ f / S S  I U  m ttrheel^
WhrcA IS rni'CA C€LOtlS tu/*M 
Sfd6W#reg| S«Hcf 
cA f^bonûceûuS
D k  Skfiie  ^OLi^hot^aCe f^UZ ^
•E^ cafirt^eA grains^
M»oicee>us  ^ s;//U /  A'sSi/e, 
occasif\hif( c^dl^'CAips anW 
p W t  .
U r g » ^  SS^ ayiflacfcuS^'O'iéthf^f
/hiQxc^W S . Ca,rht>OÛCeott^Mo deiT<ji*tc\j So/ iféü/l
shale^ 
scaf^ered s a ^  g/»w4^ 
'H/CdOLO-uS/ s;//^^ A ‘ssi/c; 
n'cU li> plciw i rtm^tnjs:
Càâi
uf\fU g re^  ('hhs^^nicticeM i 
ûir[)oil<JCCoaS y
AÎTOTOIX D 149.
Distribution of cernent in samples collected frcm the Taglu sandstone.
% Cement
Borehole Sample Depth or Range (ft)
Environment of Deposition Dolcmite Calcite Siderite Silica ClayMinerals









3B40 - 50 Pro-delta 7 19 2
H-30 3200 - 30 











3370 - 90 Pro-delta 3 1 ' 1
D - 55 10413 Distributary Ch. 2 7
10437 Distributary Ch. 2 4 1
10515 Mouth Bar 9 4 4 . 5
10700 - 800 Mouth Bar/Pro-dtav 4 1 3
10800-850 Distributary Ch. 4 3 2
10850 - 900 Distributary Ch. 4 2 4
11200 - 300 Pro-delta 2 1 4 1








• 8453 Distributary Ch. 2 . 1 7
85n Mouth Bar 4 6
8227 Distributary Ch. 6 3 3
8170 Distributary Ch. 4 1 .1 1
8205 Distributary Ch. 1 1 2 1
8264 Mouth Bar 2 2
10600 - 700 Pro-delta 4 1 6
D - 27 3600 - 700 Distributary Ch. 8 1 6
3700-800 Distributary Ch. 21 . 12 2
3800- 850 Distributary Ch. 26 9 1
3850-900 Splay 18 . 5
3900 - 4000 Splay 20 1 4 1
4000 -100 Distributary Ch. and Splay 9 10 2
4100 - 200 Distributary Ch. and Splay 5 15 7
C - 42 9418 Distributary Ch. 5 , 1 2 1
9400 - 50 Distributary Qi. 10 3 1 2
9450 - 500 Mouth Bar 7 7 4 1
9538 Mouth Bar 3 1 1
9650 - 9700. Distributary Ch. 5 2 2 1




Environment of Deposition Dolomite Calcite Siderite Silica ClayMinerals
C - 42 9691 Distributary Ch. 5 6 2 2
9699 Distributary Ch. 3 4 4. 1
9758 Mouth Bar 7 3 3
' 9900 -10000 Rrd-delta 2 1 9 2 1
P - 53 5000 -100 Marine 5 2 1
5100 - :?oo Marine 23 4 2
5200 - 300 Mouth Bar 15 2 1 1
5300 - 5400 Distributary Ch. 5 5 . 2
5400 - 500 Mouth Bar 3 2
F - 28 3600-700 Mouth Bar ■ 16 2 2 4
3700 - 800 Pro-delta 3 5
E - 29 4330 Mouth Bar 7 17 2 1
4020 - 30 Mouth Bar 4 19 1
4230-40 Spicy 8 7 6 ' 4
• 3920 - 40 Distributary Ch. 1 2 4 1
I - 22 1570 Mouth Bar 9 19 1 1
1420 Distributary Ch. 2
1450 Distributary Ch. 7 25 1 1 .
0-14 1470 - 80 Distributary Ch. 8 20 1 ' 4 -
1700 - 800 Mouth Bar 12 1 1 2
■ 1802 Mouth Bar 2 1 1
1800 - 50 Mouth Bar 4 1 1
r, .' \ ' ....... '  ^l3 ',v
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